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Foreword 



rd , 



This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP). 

The contents of the present document are subject to continuing work within the TSG and may change following formal 
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an 
identifying change of release date and an increase in version number as follows: 

Version x.y.z 

where: 

X the first digit: 

1 presented to TSG for information; 

2 presented to TSG for approval; 

3 or greater indicates TSG approved document under change control. 

Y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, 
updates, etc. 

z the third digit is incremented when editorial only changes have been incorporated in the document. 
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1 Scope 

The present document specifies the coding, multiplexing and mapping to physical channels for E-UTRA. 

2 References 

The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 

• References are either specific (identified by date of publication, edition number, version number, etc.) or 
non-specific. 

• For a specific reference, subsequent revisions do not apply. 

• For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including 
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same 
Release as the present document. 

[1] 3GPP TR 21.905: "Vocabulai-y for 3GPP Specifications". 

[2] 3GPP TS 36.2 11: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and 

modulation". 

[3] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer 

procedures". 

[4] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) 

radio access capabilities". 

[5] 3GPP TS36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access 

Control (MAC) protocol specification" 

[6] 3GPP TS36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource 

Control (RRC) protocol specification" 



3 Definitions, symbols and abbreviations 

3.1 Definitions 

For the purposes of the present document, the terms and definitions given in [1] and the following apply. A term 
defined in the present document takes precedence over the definition of the same term, if any, in [1]. 

Definition format 

<defined term>: <definition>. 

3.2 Symbols 

For the purposes of the present document, the following symbols apply: 

A'^ Downlink bandwidth configuration, expressed in number of resource blocks [2] 

N^ Uplink bandwidth configuration, expressed in number of resource blocks [2] 

N^f^ Resource block size in the frequency domain, expressed as a number of subcarriers 
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N 
N 
N. 



PUSCH 
symb 

PUSCH-initial 
symb 

UL 

symb 



N 



SRS 



Number of SC-FDMA symbols carrying PUSCH in a subframe 

Number of SC-FDMA symbols carrying PUSCH in the initial PUSCH transmission subframe 

Number of SC-FDMA symbols in an uplink slot 

Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1). 



3.3 



Abbreviations 



For the purposes of the present document, the following abbreviations apply: 

BCH Broadcast channel 

CFI Control Format Indicator 

CP Cyclic Prefix 

CSI Channel State Information 

DCI Downlink Control Information 

DL-SCH Downlink Shared channel 

EPDCCH Enhanced Physical Downlink Control channel 

FDD Frequency Division Duplexing 

HI HARQ indicator 

MCH Multicast channel 

PBCH Physical Broadcast channel 

PCFICH Physical Control Format Indicator channel 

PCH Paging channel 

PDCCH Physical Downlink Control channel 

PDSCH Physical Downlink Shared channel 

PHICH Physical HARQ indicator channel 

PMCH Physical Multicast channel 

PMI Precoding Matrix Indicator 

PRACH Physical Random Access channel 

PUCCH Physical Uplink Control channel 

PUSCH Physical Uplink Shared channel 

RACH Random Access channel 

RI Rank Indication 

SR Scheduling Request 

SRS Sounding Reference Signal 

TDD Time Division Duplexing 

TPMI Transmitted Precoding Matrix Indicator 

UCI Uplink Control Information 

UL-SCH UpUnk Shared channel 



4.1 



IVIapping to physical channels 
Uplink 



Table 4.1-1 specifies the mapping of the uplink transport channels to their corresponding physical channels. Table 4.1-2 
specifies the mapping of the uplink control channel information to its corresponding physical channel. 
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Table 4.1-1 



TrCH 


Physical Channel 


UL-SCH 


PUSCH 


RACH 


PRACH 



Table 4.1-2 



Control information 


Physical Channel 


UCI 


PUCCH, PUSCH 



4.2 



Downlink 



Table 4.2-1 specifies the mapping of the downlink transport channels to their corresponding physical channels. Table 
4.2-2 specifies the mapping of the downlink control channel information to its corresponding physical channel. 

Table 4.2-1 



TrCH 


Physical Channel 


DL-SCH 


PDSCH 


BCH 


PBCH 


PCH 


PDSCH 


MCH 


PMCH 



Table 4.2-2 



Control information 


Physical Channel 


CFI 


PCFICH 


HI 


PHICH 


DC! 


PDCCH, EPDCCH 



5 Channel coding, multiplexing and interleaving 

Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio 
transmission link. Channel coding scheme is a combination of error detection, error correcting, rate matching, 
interleaving and transport channel or control information mapping onto/splitting from physical channels. 



5.1 Generic procedures 



This section contains coding procedures which are used for more than one transport channel or control information 
type. 

5.1.1 CRC calculation 

Denote the input bits to the CRC computation by flo,fli,fl2''^3'---''^/i-i' ^i^^ the parity bits by Pq, pi, p2, p^,---, Pi^i .A 
is the size of the input sequence and L is the number of parity bits. The parity bits are generated by one of the following 
cyclic generator polynomials: 

- gcRC24A(£>) = [D^* + D^^ + £)"* + D" + D^'^ + D^^+D^" + D^ + D^ + D^ + D'^ + D^ + D+ 1] and; 

- gcRC24B(£>) = [£>^'* + D^^ + D^ + D^ + D+l]foia CRC length L = 24 and; 

- gcRci6(£>) = [£>"■ + £>'^ + D^+1] for a CRC length L = 16. 

- gcRC8(£>) =[D^ + D^ + D'^ + D^ + D+l]f or a CRC length of L = 8. 
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The encoding is performed in a systematic form, which means that in GF(2), the polynomial: 

r-,A+23 , r\A+21 , , r,24 , r,23 , r,22 , , r-, 1 , 

UqD +0^0 +... + fl^_iD + PqD +P\L> + ...+ P22L> + P23 

yields a remainder equal to when divided by the corresponding length-24 CRC generator polynomial, gcRC24A(£^) or 
gcRC24B(£*), the polynomial: 

GqU +aiD +... + a^_[D + p^D +P\L> + ... + p^/^D + p\^ 

yields a remainder equal to when divided by gcRci6(£^), and the polynomial: 

a()D +ayD +... + fl^_jD + p^D + p\D + ...+ p(^D + p-j 

yields a remainder equal to when divided by gcRcsC^^)- 

The bits after CRC attachment are denotedbyfeQ,^[,^2'^3'---'^B-i' where B =A+ L. The relation between a^ and bk is: 

^^=a^ forfe = 0, 1,2, ...,A-1 

bf^ =Pk-A for^ = A, A+1, A+2,..., A+L-1. 



5.1 .2 Code block segmentation and code block CRC attachment 

The input bit sequence to the code block segmentation is denoted by bQ,b^,b2, b^,..., bg_i , where B > 0. If B is larger 
than the maximum code block size Z, segmentation of the input bit sequence is performed and an additional CRC 
sequence of L = 24 bits is attached to each code block. The maximum code block size is: 

- Z=6144. 

If the number of filler bits F calculated below is not 0, filler bits are added to the beginning of the first block. 

Note that if ZJ < 40, filler bits are added to the beginning of the code block. 

The filler bits shall be set to <NULL> at the input to the encoder. 

Total number of code blocks C is determined by: 

if B<Z 

L = 

Number of code blocks: C = 1 

B' = B 
else 

L = 24 

Number of code blocks: C = [b/(Z-L)]. 

B'=B + CL 

end if 

The bits output from code block segmentation, for C i^Q, are denoted by c^g ' <^ri ' <^r2 > ^^3 ,..., cjj, _^\ , where r is the 
code block number, and K,. is the number of bits for the code block number r. 

Number of bits in each code block (applicable for C ;^ only): 

First segmentation size: K_^_ = minimum K in table 5.1 .3-3 such that C ■ K > B' 
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if C = l 

the number of code blocks with length K^ is C^.=l, K =0, C_ = 
else if C > 1 

Second segmentation size: K_ = maximum K in table 5.1 .3-3 such that K < K^ 

Aj,=K,-K_ 



Number of segments of size K : C 



CK^-B' 



Number of segments of size K^ : C^ =C-C_. 
end if 



Number of filler bits: F = C^ ■K^+C_- K_-B' 



foi 


rk = OtoF-l 




coi =< NULL > 


end for 


k-- 


--F 


s = 


= 


forr = OtoC-l 




if r < C_ 




K, =K_ 




else 




Kr=K^ 




end if 




while k<Ki.-L 




Crk = b. 




k = k + l 




s = s + l 




end while 




ifC>l 



— Insertion of filler bits 



The sequence c^(,,c,.j,c,2,Cr3,...,c,(jf _^_i) is used to calculate the CRC parity bits Pi.g,p^^,p^2'-'Pr{L-i) 

according to section 5.1.1 with the generator polynomial gcRC24B(£')- For CRC calculation it is 
assumed that filler bits, if present, have the value 0. 

whiles <K^ 

'^rk = Pr(k+L-K/) 
k = k + l 

end while 
end if 
k = 
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end for 

5.1.3 Channel coding 

The bit sequence input for a given code block to channel coding is denoted by Cq , Cj , Cj , Cj ,..., Cj^_j , where K is the 

number of bits to encode. After encoding the bits are denoted hy d^ ,(1^ ,d2 ,d^ ,...,d^_^ , where D is the number of 

encoded bits per output stream and / indexes the encoder output stream. The relation between Ci^ and dl and between 
K and D is dependent on the channel coding scheme. 

The following channel coding schemes can be applied to TrCHs: 

tail biting convolutional coding; 

turbo coding. 

Usage of coding scheme and coding rate for the different types of TrCH is shown in table 5.1.3-1. Usage of coding 
scheme and coding rate for the different control information types is shown in table 5.1.3-2. 

The values of D in connection with each coding scheme: 

tail biting convolutional coding with rate 1/3: D = K; 

turbo coding with rate 1/3: D = K + 4. 

The range for the output stream index / is 0, 1 and 2 for both coding schemes. 

Table 5.1.3-1 : Usage of channel coding scheme and coding rate for TrCHs. 



TrCH 


Coding scheme 


Coding rate 


UL-SCH 


Turbo coding 


1/3 


DL-SCH 


PCH 


MCH 


BCH 


Tail biting 

convolutional 

coding 


1/3 



Table 5.1.3-2: Usage of channel coding scheme and coding rate for control information. 



Control Information 


Coding scheme 


Coding rate 


DC! 


Tail biting 

convolutional 

coding 


1/3 


CFI 


Block code 


1/16 


HI 


Repetition code 


1/3 


UCI 


Block code 


variable 


Tail biting 

convolutional 

coding 


1/3 



5.1 .3.1 Tail biting convolutional coding 

A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined. 

The configuration of the convolutional encoder is presented in figure 5.1.3-1. 

The initial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits 
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift 
register of the encoder by Sq , ij , S2,---, s^ , then the initial value of the shift register shall be set to 
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«,■ = c, 



[K-l-i] 



D 



->€> 



D 



->© 



->© 



K^ 



D 



-^ 



D 



-^ 



^ 



D 



->e- 



D 



->0 



►e- 



>e 

-^ 

Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder. 



7(0) 



4 Go =133 (octal) 



7(1) 



^1 Gi = 171 (octal) 



df'G2 = 165 (octal) 



The encoder output streams dj^, d^ and J^ correspond to the first, second and third parity streams, respectively as 
shown in Figure 5.1.3-1. 



5.1.3.2 



Turbo coding 



5.1.3.2.1 



Turbo encoder 



The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC) with two 8-state constituent 
encoders and one turbo code internal interleaver. The coding rate of turbo encoder is 1/3. The structure of turbo 
encoder is illustrated in figure 5.1.3-2. 

The transfer function of the 8-state constituent code for the PCCC is: 



G(D): 



8o(D) 



where 

8o(D)=1+D'+D\ 

gi(D)=l+D + D'. 

The initial value of the shift registers of the 8-state constituent encoders shall be all zeros when starting to encode the 
input bits. 

The output from the turbo encoder is 

"k -^k 
"* - ^k 



for k = 0,1,2,..., K-1. 

If the code block to be encoded is the 0-th code block and the number of filler bits is greater than zero, i.e., F>Q, then 
the encoder shall set q, = 0, k = 0,...,(F-1) at its input and shall set dj. =< NULL > , k = 0,...,(F-1) and 



7(1) 



=< NULL > ,k = 0,...,(F-l) at its output. 



The bits input to the turbo encoder are denoted by Cg , Cj , Cj , C3 ,..., c^_[ , and the bits output from the first and second 8- 
state constituent encoders are denoted by Zq, Zi, Z2, z^,---, Zi^^icLnd Zq, z'l, Z2, z'^,..., z'l^^i, respectively. The bits output 
from the turbo code internal interleaver are denoted by Cq, Cj,..., c^_[ , and these bits are to be the input to the second 8- 
state constituent encoder. 
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K^ 



Input 

Turbo code internal 
interleaver 

Output 



K^ 



1st constituent encoder 

—>® 



D 



D 



D 



e^ 



2nd constituent encoder 



^ 



D 



D 



D 



@^ 



■>® — «■ 



^ 



Output 



Zk 



Xk 



Figure 5.1.3-2: Structure of rate 1/3 turbo encoder (dotted lines apply for trellis termination only). 



5.1.3.2.2 



Trellis termination for turbo encoder 



Trellis termination is performed by taking the tail bits from the shift register feedback after all information bits are 
encoded. Tail bits are padded after the encoding of information bits. 

The first three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 5.1.3-2 in lower 
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the second 
constituent encoder (lower switch of figure 5.1.3-2 in lower position) while the first constituent encoder is disabled. 

The transmitted bits for trellis termination shall then be: 

^(0)_ ^(0) _ ,(0) _ , ,(0) _ , 

"K ~ ^K ' " K+1 ~ ^K+l' " K+2 ~ ^K ' " K+3 ~ ^l 



/r+1 



"k 



,(2) 



fd) 



?(1) 



^K ' "/f+1 ~ -^K+2 ' "^K+2 ~ ^K ' "/r+S ~ ^K+2 



/(I) 



,(2) 



jW _ j(2) _ I j(2) _ I 



(2) 



5.1.3.2.3 



Turbo code internal interleaver 



The bits input to the turbo code internal interleaver are denoted by Cq , Cj ,..., c^_[ , where K is the number of input bits. 
The bits output from the turbo code internal interleaver are denoted byco,Ci,...,c^_i . 

The relationship between the input and output bits is as follows: 
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c;=cn(,), '=0,1,..., (/:-!) 
where the relationship between the output index / and the input index n(/) satisfies the following quadratic form: 

n(/) = (/i-/ + /2-/')mod/: 

The parameters /j and /2 depend on the block size TT and are summarized in Table 5.1.3-3. 
Table 5.1.3-3: Turbo code internal interleaver parameters. 



/ 


K 


/i 


fi 


/ 


K 


/i 


/2 


;■ 


K 


/i 


fi 


/ 


K 


/i 


fi 


1 


40 


3 


10 


48 


416 


25 


52 


95 


1120 


67 


140 


142 


3200 


111 


240 


2 


48 


7 


12 


49 


424 


51 


106 


96 


1152 


35 


72 


143 


3264 


443 


204 


3 


56 


19 


42 


50 


432 


47 


72 


97 


1184 


19 


74 


144 


3328 


51 


104 


4 


64 


7 


16 


51 


440 


91 


110 


98 


1216 


39 


76 


145 


3392 


51 


212 
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5.1.4 Rate matching 

5.1 .4.1 Rate matching for turbo coded transport channels 



The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the three 
information bit streams d^ , d^ and d^ , followed by the collection of bits and the generation of a circular buffer a; 
depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in section 5.1.4.1.2. 
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Figure 5.1.4-1. Rate matching for turbo coded transport chiannels. 



The bit stream d^ is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 
sequence defined as Vq , Vj , Vj ,..., v*^ j and where Kjj is defined in section 5. 1 .4. 1 . 1 . 

The bit stream dj. is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 
sequence defined as Vq , vf , Vj ,..., v]^ _j . 

(2) 

The bit stream dj^ is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 

-Vq ,.j ,^2 ,..., .^^_j. 

The sequence of bits e/^ for transmission is generated according to section 5.1.4.1.2. 



sequence defined as Vq , vf , Vj ,...,vj^ 



5.1.4.1.1 



Sub-block interleaver 



The bits input to the block interleaver are denoted by d^ ,dl ,d2 \--;d ^_^ , where D is the number of bits. The output 
bit sequence from the block interleaver is derived as follows: 

(1) Assign C^subbiock ~ 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 



2,...,C 



suhblock 



- 1 from left to right. 



(2) Determine the number of rows of the matrix Rjubhiock ' ^Y finding minimum integer R 5„u/,,„^i. such that: 



D - V^suhblock ^ ^mbhlock ) 



The rows of rectangular matrix are numbered 0, \,2,...,R 



TC 
suhblock 



- 1 from top to bottom. 
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(3) If [Rmhhiock X Cluhbiock )>D, then A^^, = [R^Miock x Cluhhiock " D) dummy bits are padded such that y^ = <NULL> 



for/t = 0, 1,...,Nd- 1. Then, y 



Nn+k 



,(0 



dl ,k = Q, 1,. . ., D-\, and the bit sequence jj. is written into 



(TC TC \ 

Rsubbiock X Csubbiock ) matrix row by row starting with bit yo in column of row 0: 



yo 
y^Tc 

^subhlock 



yi 

^ suhhlock'^'- 



yi 

^ suhhlock'^ ^ 



(Kmbblock ^'^^subblock (^subblock ^J^^subblock'^^ (^subblock ^J^^subblock'^^ 



^subblock ^ 
^^ subblock~'- 



\^subblock^^ subblock ^/ 



(0). 



For d I and d 



im. 



,Tc A that is shown in 



(4) Perform the inter-column permutation for the matrix based on the pattern {P{j)) . L. ^i^ 

table 5 . 1 .4- 1 , where P(/) is the original column position of the j-th permuted column. After permutation of the 

(TC TC \ 

Rsubbiock X Csubbiock ) matrix is equal to 



yp(Q) 

PW+Csubblock 



yp(i) 

P(l)+C„,bblock 



yp(2) 

P(2')+C„,bblock 



P(0)+(Rsubblock^^yCsubblock PW+('^subblock~^)^C^„,i,i,i„^i, P(V+(Rsubblock^^'>^'^subbhck 



PiCsubblock"^) 
Py^subblock ~^''^nubblock 



^( CjufcA/oct "1 )+( Psubblock "' y^*^ subblock 



(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column 

(TC TC I 

R-mbbiock ^^ subbiock)^^'^^^^^- ^hc bits after sub-block interleaving are denoted 



,(0 



,(0 



byvn , V, , Vt ,...,vii' ,, where v)!' corresponds to yp,ni,vl''' toy re 

and Kyi = [Rsubbiock ^ C, ^1,1,1^^1^ j . 



For J 



(2). 



(4) The output of the sub-block interleaver is denoted by Vq , Vj 



(2) „(2) „(2) 



,(2) 



..,v-^_;, where V, 



(2) 



■ y7c(k) 



and where 



/■ 



7^(k)= 



P 

V V 



R 



TC 
subblock 



+ C subblock X ll^- ^'^'iRsubblock j+ 1 



modKYi 



The permutation function P is defined in Table 5.1.4-1. 

Table 5.1.4-1 Inter-column permutation pattern for sub-block interleaver. 



Number of columns 

'^subblock 


Inter-column permutation pattern 

<P(Q),P(l),...,P(Cj^,,i„,,-l)> 


32 


< 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30, 
1, 17,9,25,5,21, 13,29,3, 19, 11,27,7,23, 15,31 > 



5.1 .4.1 .2 Bit collection, selection and transmission 

The circular buffer of length K^^, = 3Ky[ for the r-th coded block is generated as follows: 
Wt =vi fov k = 0, 

for k = Q, 



Kn-i 



"Kn+lk 



,0) 



^n-1 
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^'/f n +2-^+1 =^P forfe = 0, 



^n-1 



Denote the soft buffer size for the transport block by A'ir bits and the soft buffer size for the r-th code block by A^^* bits. 
The size Neb is obtained as follows, where C is the number of code blocks computed in section 5.1.2: 



■N 



ch 



Nch = K„ 



Nr 



C 



,^.. 



for DL-SCH and PCH transport channels 
for UL-SCH and MCH transport channels 



where A'ir is equal to: 



N,,= 



N 



soft 



Kc ■ ^MiMo ■ ininl 



l'''^ DL_HARQ ' ^ limit / 



where: 



If the UE signals ue-Category-vlOxy, and is configured with transmission mode 9 for the DL cell, A'sott is the total 
number of soft channel bits [4] according to the UE category indicated by ue-Category-vlOxy [6]. Otherwise, Nsati is the 
total number of soft channel bits [4] according to the UE category indicated by ue-Category [6]. 

IfA?rft= 35982720, 

Kc=5, 

elseif A'soft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL 
cell, 

Kc=2 
else 

Kc =1 

End if. 

^MiMo is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8 or 9 as 
defined in section 7.1 of [3], and is equal to 1 otherwise. 

Mdl HARQ is the maximum number of DL HARQ processes as defined in section 7 of [3]. 

Miimit is a constant equal to 8. 

Denoting by E the rate matching output sequence length for the r-th coded block, and rvi^ix the redundancy version 
number for this transmission (rv,vfc = 0, 1, 2 or 3), the rate matching output bit sequence is ej^, k = 0,1,..., E-1 . 

Define by G the total number of bits available for the transmission of one transport block. 

Set G' = G/{Nl ■ Q„ ) where g„ is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where 

For transmit diversity: 

- Nl is equal to 2, 
Otherwise: 

- Nl is equal to the number of layers a transport block is mapped onto 

Set y=G' mod C , where C is the number of code blocks computed in section 5. 1 .2. 
if r<C-y-\ 

set£ = A^^-e„-LG'/CJ 
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else 

set£ = A?^-e„-rG'/cl 
end if 



Set^o - Rsubblock 

Set/t = Oandj = 
while {k<E) 



N 



ch 



8R 



TC 

suhhiock 



'-Vidx+^ 



where R 



TC 
subblock 



is the number of rows defined in section 5.1.4.1.1. 



if ^ikc^i 



^< NULL > 



^{k(,+j)modN,i, 

^k = W (kQ+ j) mod N^i, 
k=k+l 

end if 
end while 

5.1 .4.2 Rate matching for convolutionally coded transport channels and control 

information 



The rate matching for convolutionally coded transport channels and control information consists of interleaving the 
three bit streams, d^ , dj, and d j, , followed by the collection of bits and the generation of a circular buffer as 
depicted in Figure 5.1.4-2. The output bits are transmitted as described in section 5.1.4.2.2. 
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Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control information. 

The bit stream d\_ is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 
sequence defined as Vq ,Vj ,V2 ,-;V f/ _-^ and where Kji is defined in section 5.1.4.2.1. 

The bit stream d^ is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 
sequence defined as Vq , v\ , Vj ,..., v^ _j . 

The bit stream d j^ is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 
sequence defined as Vq ,Vj ^Vj ,..., v^ _j. 
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The sequence of bits e^_ for transmission is generated according to section 5.1.4.2.2. 



5.1.4.2.1 



Sub-block interleaver 



The bits input to the block interleaver are denoted \)y d-Q ,d\ ,d2\--,di,\ , where D is the number of bits. The output 
bit sequence from the block interleaver is derived as follows: 



( 1 ) Assign C '^ubbiock = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1 , 



,C 



subhlock 



- 1 from left to right. 



(2) Determine the number of rows of the matrix R 



cc 

subhlock 



by finding minimum integer R 



cc 

subhlock 



such that: 



d<{r 



cc w /^ cc 

subhlock subhlock j 



The rows of rectangular matrix are numbered 0, 1 , 2, . . . , i? subhlock ~ ^ from top to bottom. 



(3) If (^.Sawoc* xC™iWocJ> D , then A^^, = [R'^ubbiock ^CfuMock " D) dummy bits are padded such that y^ = <NULL> 

for k = 0, 1,...,N[)- I- Then, y^ ^.j. = t/^ , A; = 0, 1,..., Z)-l, and the bit sequence jj. is written into 

(CC cc \ 

^subhlock X C ,.j,i,i,ig^f. j matrix row by row starting with bit yo in column of row 0: 



Jo 



subhlock 



yi 



subhlock 



yi 



subhlock 



subhlock ' subhlock suhblock 



\)xC^^ +1 (R^^ 



^c'-'- -1 

subhlock 

9r^ 1 

subhlock 



subhlock suhblock 



(4) Perform the inter-column permutation for the matrix based on the pattern {P{j)) . L ^cc ,1 that is shown in 
table 5.1 .4-2, where P(/) is the original column position of the j-th permuted column. After permutation of the 
columns, the inter-column permuted [R'^ubbiock ^ ^fuibiock I matrix is equal to 



yp(0) 

P(0)+C suhblock 



yp(i) 

PW+Cgubhlock 



yp(2) 

P(2)+Csuhblock 



P(0)+(R„,bblock-^)'^C^^I,l,l„^), PW+(Rsuhblock-l)'^Csubhlock P(^)+(Rsubhlock-^)>^C„,hblock 



PiC subhlock-^) 
^yCsubhlock~^f'C^i^ljlQ(;jf 



P(Csuhblock -^)+(Psuhblock -^^C subhlock 



(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column 
permuted [R'^uhbiock ^ ^'subUock jmatrix. The bits after sub-block interleaving are denoted by Vq ^ , Vj , Vj ^ ,.... 



,('■) 



,('■) 



(0 



where Vq corresponds to ^^(O) , v\ to y 



P(0)+C suhblock 



and Kyi - [^subhlock ^ ^suhblock ) 



Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver. 



Number of columns 

f^CC 

*-' subhlock 


Inter-column permutation pattern 

<P(0),P(l),...,P(Cf„W-l)> 


32 


< 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 
0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30 > 



This block interleaver is also used in interleaving PDCCH modulation symbols. In that case, the input bit sequence 
consists of PDCCH symbol quadruplets [2]. 
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5.1 .4.2.2 Bit collection, selection and transmission 

The circular buffer of length K^^= S/Tn is generated as follows: 



,(0) 



forfe = 0,..., Kr,-\ 



"'k -''k lui/t-u,..., i^n 

WKn+k =vf forfe = 0,..., i^n-l 

WiK^+k =vf' fork = Q,..., K^-\ 
Denoting by E the rate matching output sequence length, the rate matching output bit sequence is e^ , A; = 0,1,..., E-\ . 

Setfe = Oandj = 
while \k<E} 

if H'ymod/f,, *<NULL> 

^k =WjmoAK„ 
k=k+l 

end if 

J=J+l 
end while 

5.1 .5 Code block concatenation 

The input bit sequence for the code block concatenation block are the sequences e^.^. , for r = 0,..., C - 1 and 
k = 0,..., Zi^ - 1 . The output bit sequence from the code block concatenation block is the sequence f^. for 
k = 0,...,G-l. 

The code block concatenation consists of sequentially concatenating the rate matching outputs for the different code 
blocks. Therefore, 

Set fc = and r = 

while r <C 

Set j = 

while j <E^ 

fk = ^rj 
k = k + l 

end while 
r = r + \ 
end while 
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5.2 Uplink transport channels and control information 

5.2.1 Random access channel 

The sequence index for the random access channel is received from higher layers and is processed according to [2]. 

5.2.2 Uplink shared channel 

Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the 
coding unit in the form of a maximum of two transport blocks every transmission time interval (TTI) per UL cell. The 
following coding steps can be identified for each transport block of an UL cell; 

- Add CRC to the transport block 

- Code block segmentation and code block CRC attachment 

- Channel coding of data and control information 

- Rate matching 

- Code block concatenation 

- Multiplexing of data and control information 

- Channel interleaver 

The coding steps for one UL-SCH transport block are shown in the figure below. The same general processing applies 
for each UL-SCH transport block on each UL cell with restrictions as specified in [3]. 
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Figure 5.2.2-1 : Transport block processing for UL-SCH. 



-Q'ack-I 



5.2.2.1 Transport block CRC attachment 

Error detection is provided on each UL-SCH transport block through a Cyclic Redundancy Check (CRC). 

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer 
1 byflo,fli,fl2,fl3,..., fl^_i, and the parity bits hy Pq, pi, p2, pj,---, Pi^i -A is the size of the transport block and Lis the 
number of parity bits. The lowest order information bit Oq is mapped to the most significant bit of the transport block as 
defined in section 6.1.1 of [5]. 

The parity bits are computed and attached to the UL-SCH transport block according to section 5. L 1 setting L to 24 bits 
and using the generator polynomial gcRC24A(£')- 



5.2.2.2 



Code block segmentation and code block CRC attachment 



The bits input to the code block segmentation are denoted by bQ,bi,b2, b^ ,..., bg_i where B is the number of bits in the 
transport block (including CRC). 
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Code block segmentation and code block CRC attachment are performed according to section 5.1.2. 

The bits after code block segmentation are denoted by c^q , c^j , c^2 ' <^r3 '■■■' '^Ak -i) ' where r is the code block number 
and Kr is the number of bits for code block number r. 

5.2.2.3 Channel coding of UL-SCH 

Code blocks are delivered to the channel coding block. The bits in a code block are denoted by 

c^o ' c^i , c^2 > Cr3 ,..., cjj, _i) , where r is the code block number, and K^ is the number of bits in code block number r. 

The total number of code blocks is denoted by C and each code block is individually turbo encoded according to section 
5.1.3.2. 

After encoding the bits are denoted by d^Q , d^.'^ , d]!^ ■, d^'^ ,■■■, d^.'/^^ ^\ , with / = 0,1, and 2 and where D^ is the number of 
bits on the i'-th coded stream for code block number r, i.e. D^ = /T^ + 4 . 

5.2.2.4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by fif*Q ,(i*[ ,fif*2 ,fif*3 ,...,(i*f£, a, 

with i = 0,1, and 2 , and where r is the code block number, ; is the coded stream index, and D^ is the number of bits in 
each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is 
individually rate matched according to section 5.1.4.1. 

After rate matching, the bits are denoted hy e^Q,e^i,e^2'^r3'---'^r{E -i)' where r is the coded block number, and where 
E^. is the number of rate matched bits for code block number r. 

5.2.2.5 Code block concatenation 

The bits input to the code block concatenation block are denoted by erO'^ri'^r2'^r3'-'^r(£ -i) for ?" = 0,...,C-1 and 
where E^ is the number of rate matched bits for the r-th code block. 

Code block concatenation is performed according to section 5.1.5. 

The bits after code block concatenation are denoted by /q, /i, /2, /;,..., fc-i , where G is the total number of coded bits 
for transmission of the given transport block over A^^ transmission layers excluding the bits used for control 
transmission, when control information is multiplexed with the UL-SCH transmission. 

5.2.2.6 Channel coding of control information 

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and 
rank indication. Different coding rates for the control information are achieved by allocating different number of coded 
symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK, 
rank indication and channel quality information 0q,0i,02,--;0q_^ is done independently. 

For TDD, the number of HARQ-ACK bits is determined as described in section 7.3 of [3]. 



When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded modulation 
symbols per layer Q for HARQ-ACK or rank indicator as follows. 

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits or rank 
indicator bits: 
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Q' = min 



y-^ y\// PUSCH -initial \j 



symb 






yffset 



C-1 



S^. 



r=0 



,4-M 



PUSCH 



where O is the number of HARQ-ACK bits or rank indicator bits, M 



PUSCH 



is the scheduled bandwidth for PUSCH 



transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and 

»T PUSCH -initial . 



symb 



is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport 



, PUSCHAnidal 



block, respectively, given by A^.^X" '"'""' = (2 • (A^s"mb " l)" ^srs )' where N ^rs is equal to 1 if UE transmits PUSCH 

and SRS in the same subframe for initial transmission, or if the PUSCH resource allocation for initial transmission even 
partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if 
the subframe for initial transmission is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise 

N^j^s is equal to 0. m ^^"^^" ''""'"' , C, and K^ are obtained from the initial PDCCH or EPDCCH for the same 

transport block. If there is no initial PDCCH or EPDCCH with DCI format for the same transport block. 



M 



PUSCH -initial 



, C , and K^ shall be determined from: 



- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH, when the initial PUSCH for the 
same transport block is semi-persistently scheduled, or, 

- the random access response grant for the same transport block, when the PUSCH is initiated by the random 
access response grant. 

For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits or rank indicator 

bits: 



Q' = max[min(eL,, 4 • M f,^^^« ) e^„ ] with 



Q'u 



femp- 



O- A/fP^^CH-inilialil) _ j^ PUSCH -inilial{\) _ 1^ PUSCH -initial {!) _ >^ 



symb 



■Pi 



iffset 



Zl'(l) t^ PUSCH -initial(2) j^j PUSCH -initial (2) , V^ 1^(2) 



1^ PUSCH -initial (I) ^ f^ PUSCH -initial (I) 
"^ sc ' ^^ symb 



r=0 



r=0 



where O is the number of HARQ-ACK bits or rank indicator bits, 2^„ = O if O < 2 , Q'^^ = [20 / g;^ ] if 3 < O < 1 1 
with Q'^ = mm[Q^,Qj^l where Q^,x = {l,2} is the modulation order of transport block "x", and 

e^„ =l20i/Q'„]+l202/Q'„] if 0>11 with O^ =[0/2] and 02=0 -[0/2]. M,^^^'^"''""'''*^',x = {1,2} are the 
scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second transport block, 
respectively, expressed as a number of subcarriers in [2], and N^ ^^ ''"'"" ,x = {1,2} are the number of SC-FDMA 
symbols per subframe for initial PUSCH transmission for the first and second transport block given by 



A^, 



PUSCH-initialix) 
symb 



(2 • [n^^^^, - 1)- A^^r's \x = {1,2} , where A^^^^^ , x = {1,2} is equal to 1 if UE transmits PUSCH and 



SRS in the same subframe for initial transmission of transport block "x", or if the PUSCH resource allocation for initial 
transmission of transport bock "x" even partially overlaps with the cell-specific SRS subframe and bandwidth 
configuration defined in section 5.5.3 of [2] , or if the subframe for initial transmission of transport block "x" is a UE- 
specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise A^^^^^,x = {1,2} is equal to 0. 

^FracH-m/rifl/w _^^{^2}, C*"\jc = {l,2}, and K^^''\ x = {1,2} are obtained from the initial PDCCH or EPDCCH for 
the corresponding transport block. 

For HARQ-ACK, Qj^^k - Qm ' Q' ^"'l P offset - P offset ' where Q,,, is the modulation order of a given 

transport block, and y^off,^, shall be determined according to [3] depending on the number of transmission 

codewords for the corresponding PUSCH. 
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For rank indication, Qj^j = Q^^^ ■ Q and P^^^^^ = y^off,^, , where Q^ is the modulation order of a given transport 

block, and /3g„^.^f shall be determined according to [3] depending on the number of transmission codewords for the 
corresponding PUSCH. 

For HARQ-ACK 

- Each positive acknowledgement (ACK) is encoded as a binary ' 1 ' and each negative acknowledgement 
(NACK) is encoded as a binary '0' 

- If HARQ-ACK feedback consists of 1-bit of information, i.e., [oq ] , it is first encoded according to Table 

5.2.2.6-1. 



A CK A CK ACK 

If HARQ-ACK feedback consists of 2-bits of information, i.e., [o„ o, ] with Oq corresponding to 

ACK 

HARQ-ACK bit for codeword and Oj corresponding to that for codeword 1, or if HARQ-ACK feedback 

consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL 
cells with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of 
information corresponding to two DL subframes for TDD, it is first encoded according to Table 5.2.2.6-2 



where o-, 



■.{o^'^''+ot'"')moA2. 



Table 5.2.2.6-1 : Encoding of 1-bit HARQ-ACK. 



e™ 


Encoded HARQ-ACK 


2 


[or y] 


4 


K'^'^yxx] 


6 


[of^yxxxx] 



Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK. 



Qm 


Encoded HARQ-ACK 


2 


[o,f^^ o^''^ of^ o^"^" o^''^ of""] 


4 


{of of X X of of X X of of X X] 


6 


[of ^ O^^'' X X X X of'' of" X X X X of" of" X X X X] 



,ACK 



If HARQ-ACK feedback consists of 3 < (9 < 11 bits of information as a result of the aggregation of HARQ- 



ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e., 
Oq O] ,...,o ^ck , then a coded bit sequence q^ q^ ,...,^31 is obtained by using the bit sequence 

ACK ACK ACK 

Off O] ,...,0 ACK as the input to the channel coding block described in section 5.2.2.6.4. In turn, the bit 



ACK ACK ACK 



.ACK 

2ack- 



sequence q'^ " ,q^'~" ,q2 " ,...,qQ~" _; is obtained by the circular repetition of the bit sequence 
qf" qf" ,..., qf" so that the total bit sequence length is equal to Q^cK ■ 



-.ACK 



If HARQ-ACK feedback consists of 1 1 < (9 < 20 bits of information as a result of the aggregation of 



HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, 
i.e., of" of ",..., of "k_^, then the coded bit sequence qf",qf",qf",...,qf"^_^ is obtained by using 

AC^K Af^K AC^K 

the bit sequence Oq Oj ,...,0 ^qk as the input to the channel coding block described in section 5.2.2.6.5. 

The "x" and "y" in Table 5.2.2.6-1 and 5.2.2.6-2 are placeholders for [2] to scramble the HARQ-ACK bits in a way that 
maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information. 
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For FDD or TDD HARQ-ACK multiplexing when HARQ-ACK consists of one or two bits of information, the bit 
sequence (70 ,qy ^q^ ,...,qQ _; is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
Qack is the total number of coded bits for all the encoded HARQ-ACK blocks. The last concatenation of the encoded 
HARQ-ACK block may be partial so that the total bit sequence length is equal to 2^^/^ . 

For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one 
DL cell, the bit sequence Oq Oj ,..., o ^ck is the result of the concatenation of HARQ-ACK bits for the multiple 
DL cells according to the following pseudo-code: 

Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 

Set; = - HARQ-ACK bit index 

Set A^^tt, to the number of cells configured by higher layers for the UE 

while c < NZi, 

if transmission mode configured in cell c e {1,2,5,6,7} - 1 bit HARQ-ACK feedback for this cell 
of^ = HARQ-ACK bit of this cell 

7=7+1 
else 

ACK 



HARQ-ACK bit corresponding to the first codeword of this cell 



7=7+1 



Oj = HARQ-ACK bit corresponding to the second codeword of this cell 

7=7+1 

end if 

c = c + 1 

end while 

For TDD when HARQ ACK is for the aggregation of one or more DL cells and the UE is configured with PUCCH 
Format 3 [3], the bit sequence Oq Oj ,...,o j^ck is the result of the concatenation of HARQ-ACK bits for the one 
or more DL cells configured by higher layers and the multiple subframes as defined in [3].. 

Define f^ ^eiis ^s the number of cells configured by higher layers for the UE and B^ as the number of downlink 
subframes for which the UE needs to feedback HARQ-ACK bits as defined in Section 7.3 of [3]. 

The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH Format 3 is computed as follows: 

Set fe = - counter of HARQ-ACK bits 

Set c=0 - cell index: lower indices correspond to lower RRC indices of corresponding cell 

while c < A^,^^, 

set / = 0; 

while / < B^ 

if transmission mode configured in cell c £ {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell 
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k = k+ 1 
else 

k = k + 2 
end if 
l = l+\ 
end while 
c = c+ 1 
end while 

If A: < 20, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code: 
Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 
Set; = - HARQ-ACK bit index 

while c < NZ'iis 
set / = 0; 
while / < B^ 

if transmission mode configured in cell c e {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell 
of = of^ HARQ-ACK bit of this cell as defined in Section 7.3 of [3] 

7=7+1 
else 

[of^^ , offi'^ ] = [o^^f , O^^f^i ] HARQ-ACK bits of this cell as defined in Section 7.3 of [3] 

7=7 + 2 

end if 

1 = 1+1 

end while 

c = c + I 

end while 

If A: > 20, spatial bundling is applied to all subframes in all cells and the multiplexing of HARQ-ACK bits is performed 
according to the following pseudo-code 

Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 

Set; = - HARQ-ACK bit index 

while c < N^Jf,, 

set I = 0; 

while / < B^ 

if transmission mode configured in cell c e {1,2,5,6,7} - 1 bit HARQ-ACK feedback for this cell 
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of = ofj; HARQ-ACK bit of this cell as defined in Section 7.3 of [3] 

7=7+1 
else 

"^ ACK ACK 

^ i ~ ^c I binary AND operation of the HARQ-ACK bits corresponding to the first and second 
codewords of this cell as defined in Section 7.3 of [3] 

7=7+1 
end if 
l = l+\ 
end while 
c = c+\ 
end while 

For o^^*^ < 11 , the bit sequence Oq "^^ o^^'^ ,.-, C^J^ ^ is obtained by setting of^^ = 5-'^'^^ . 

For 1 1 < o^" < 20 , the bit sequence Oq Oj ,..., o ack is obtained by setting 0^/2 — O^ if /is even and 
o.-*^^, , =5,.^^^ if /is odd. 

\0 /2\+(i-l)/2 ' 

For TDD when HARQ ACK is for the aggregation of two DL cells and the UE is configured with PUCCH format lb 

ACK ACK ACK 

with channel selection, the bit sequence Oq Oj ,...,0 ^ck is obtained as described in section 7.3 of [3]. 

"^ ACK "^ ACK "^ ACK "^ ACK 

For TDD HARQ-ACK bundling, a bit sequence (^fg ,q^ ,^2 v5<?n _j is obtained by concatenation of 

multiple encoded HARQ-ACK blocks where Q^ck is the total number of coded bits for all the encoded HARQ-ACK 
blocks. The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is 

equal to Qj^cj^ ■ A scrambling sequence \wq Wj w^''^W;f'''^ J is then selected from Table 5.2.2.6-A with index 

/ = (A^ft„„j/(.j ~ l)mod4 , where N^^^^^^^^ is determined as described in section 7.3 of [3]. The bit sequence 

^0*'^'?^'''^'?^*'^ v,?e'^^ -1 is then generated by setting m-l if HARQ-ACK consists of 1 -bit and m = 3 if 

"^ ACK "^ ACK "^ ACK "^ ACK 

HARQ-ACK consists of 2-bits and then scrambling ^Q ,q^ ,q2 ,---,qn 1 as follows 
Set / ,k to 
while / < Qji^cK 

"ACK 

if q. — y II place-holder repetition bit 

ACK (~ACK , ACK \ i^ 

k^(k + l)mod4m 
else 

■ — ACK 

if q. — X //a place-holder bit 

ACK ~ACK 

else // coded bit 
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ACK l~ACK , ACK ^ i^ 

k-{k + \)modAm 
end if 
i = i + 1 
end while 

Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling. 



/ 




Wo''^'^<^^wf^<^^ 







[1111] 


1 


[10 10] 


2 


[110 0] 


3 


[10 1] 



When HARQ-ACK information is to be muhiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is 
muhiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output 

ACK 



ACK ACK 

of the channel coding for HARQ-ACK information is denoted hy q ,q 



ACK , / 

,q , , where q 

-Qack-i 



i = 0,...,Q\(^i^ -1 are column vectors of length [Q^-Nij and where Q'j^^f^ -Qack I Qm is obtained as follows: 
Set / ,k to 
while (■ < Qj!^cK 

^ACK r ACK ACK n 

q. =[?, ■■■?'+G„-i] -- temporary row vector 



q =[q ■■■q ] — replicating the row vector ^ A^i times and transposing into a column vector 



k = k + \ 
end while 

where A^^ is the number of layers onto which the UL-SCH transport block is mapped. 
For rank indication (RI) (RI only, joint report of RI and i 1 , and joint report of RI and PTI) 

- The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 
5.2.2.6.2-3, 5.2.2.6.3-3, 5.2.3.3.1-3, 5.2.3.3. 1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined 
assuming the maximum number of layers according to the corresponding eNodeB antenna configuration and 
UE category. 

- If RI feedback consists of 1-bit of information, i.e., [oq ] , it is first encoded according to Table 5.2.2.6-3. The 

Rf 

[oq ] to RI mapping is given by Table 5.2.2.6-5. 



If RI feedback consists of 2-bits of information, i.e.. 



RI „Rl ' 



,«/ 



A) 



'I 



with Oq corresponding to MSB of 2-bit input 



and Oj corresponding to LSB, it is first encoded according to Table 5.2.2.6-4 where 



,«/ 



: (oq' +o^' ) mod 2 . The [o§' of ] to RI mapping is given by Table 5.2.2.6-6. 
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Table 5.2.2.6-3: Encoding of 1-bit RI. 



Qm 


Encoded RI 


2 


[^0^' y] 


4 


[o" y X x] 


6 


[Oq' y X X X X ] 



Table 5.2.2.6-4: Encoding of 2-bit RI. 



Qm 


Encoded RI 


2 


r^RI ^RI ^RI ^RI ^RI ^RI-, 

[Oq Oj 02 Oq Oj 02 J 


4 


[o§' of X X 02 o§' X X of 02 X x] 


6 


[0(f of X X X X of 0(f X X X X of of XXX x] 



Table 5.2.2.6-5: o^ to RI mapping. 



o^' 


RI 





1 


1 


2 



Table 5.2.2.6-6: Oq' , o*' to RI mapping. 



o^',of 


RI 


0,0 


1 


0, 1 


2 


1,0 


3 


1, 1 


4 



Table 5.2.2.6-7: oj^' , of, 02*' to RI mapping. 



RI RI RI 
Oq , Oi , O2 


RI 


0,0,0 


1 


0,0, 1 


2 


0, 1,0 


3 


0, 1, 1 


4 


1,0,0 


5 


1,0, 1 


6 


1, 1,0 


7 


1, 1, 1 


8 



RT RI RI m 

If RI feedback for a given DL cell consists of 3-bits of information, i.e., [og Oj 02 ] with Og corresponding 

RI RI RI RI 

to MSB of 3-bit input and 02 corresponding to LSB. The [og Oj O2 ] to RI mapping is given by Table 
5.2.2.6-7. 

If RI feedback consists of 3 < o"' < 11 bits of information, i.e., [og Oj ,...,0 «; ] , then a coded bit sequence 

-^ RI -^ RI -^ RI RI RI RI 

[qQ q^ ,...,^31] is obtained by using the bit sequence [og Oj ,...,0 ;;; ] as the input to the channel coding 
block described in section 5.2.2.6.4. 
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- If RI feedback consists of 11 <(?'"< 15 bits of information as a result of the aggregation of RI bits 
corresponding to multiple DL cells, i.e., [og o, ,...,o «/ ] , then the coded bit sequence 

R] RT RJ RJ RI RI RJ 

qQ ,^[ ,(^2 ,■■■, ?Q -1 is obtained by using the bit sequence [og Oj ,...,o ^^ ] as the input to the channel 
coding block described in section 5.2.2.6.5. 

The "x" and "y" in Table 5.2.2.6-3 and 5.2.2.6-4 are placeholders for [2] to scramble the RI bits in a way that 
maximizes the Euclidean distance of the modulation symbols carrying rank information. 

For the case where RI feedback for more than one DL cell is to be reported, the RI report for each DL cell is 
concatenated prior to coding in increasing order of cell index. 

For the case where RI feedback consists of one or two bits of information the bit sequence ^0 '1\ '12 '■■■'In -1 ^^ 

obtained by concatenation of multiple encoded RI blocks where Qj^j is the total number of coded bits for all the 
encoded RI blocks. The last concatenation of the encoded RI block may be partial so that the total bit sequence length 
is equal to Q^, . 

RT RT RT RT 

For the case where RI feedback consists of 3 < o'" < llbits of information, the bit sequence (7o ,qi ,q2 ,-;qQ _i is 
obtained by the circular repetition of the bit sequence qQ' q^' ,..., ^3*/ so that the total bit sequence length is equal 



When rank information is to be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all 
layers of all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel 

Rf Rf RJ RJ f 

coding for rank information is denoted by (7 ,q ,...,q , , where ^ ,/ = 0,...,2s/ -1 are column vectors of 

-0 -1 _gR/-l -( 

length (2^ • A^^j and where Q'j^j = Qj^i I Q^ . The vector sequence is obtained as follows: 
Set /, j, ktoQ 
while (■ < Qki 

if = [?f' -^^k-i] " temporary row vector 

, '■ > 

RJ /v RI /v RT T A Rf 

q =[q ■■■q ] — replicating the row vector q Nl times and transposing into a column vector 

k = k + l 
end while 
where A^^ is the number of layers onto which the UL-SCH transport block is mapped. 



For channel quality control information (CQI and/or PMI denoted as CQI/PMI) 



When the UE transmits channel quality control information bits, it shall determine the number of modulation coded 
symbols per layer Q for channel quality information as 
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Q' = min 



iO + L)M 



PUSCH -initial (x) 



N 



PUSCH-initial(x) 
symh 



K 



PUSCH 

ijfset 



Tk^; 



Mt 



■N 



PUSCH _ Qri 
symb 



Q, 



u) 



where O is the number of CQI/PMI bits, L is the number of CRC bits given by £ = 



0<ll 
8 otherwise 



Qcoi ~ Qm^ ' Q' ^'^'^ ^offset ~ P offset ' where fijigf shall be determined according to [3] depending on the number 
of transmission codewords for the corresponding PUSCH. If RI is not transmitted then Q^^ = . 

The variable "x" in K^.'^^ represents the transport block index corresponding to the highest I^cs value indicated by the 
initial UL grant. In case the two transport blocks have the same Imcs value in the corresponding initial UL grant, "x 
= 1", which corresponds to the first transport block. M 



PUSCH -initial (x) 



C , and Ki^^ are obtained from the initial 



PDCCH or EPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format for the 
same transport block, M ^^, "" '" , C , and K^.'^^ shall be determined from: 

- the most recent semi-persistent scheduling assignment PDCCH or EPDCCH, when the initial PUSCH for the 
same transport block is semi-persistently scheduled, or, 

- the random access response grant for the same transport block, when the PUSCH is initiated by the random 
access response grant. 



A^ 



PUSCH -initial (x) ■ 



, 1^ is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same 

transport block. 



For UL-SCH data information G = N['^ ■ (A^™f " . M ™''^" 



symb 



Qm^ - QcQi ~ QrU' where N'',^^ is the number of layers the 



corresponding UL-SCH transport block is mapped onto, M ^^ is the scheduled bandwidth for PUSCH transmission 

PI ISCH 

in the current sub-frame for the transport block, and N ^ ^^ is the number of SC-FDMA symbols in the current 
PUSCH transmission sub-frame given by A?^'"^^'^" = (2 ■ [n'^];^^ - ij- N^f,^ ) , where N ^^.^ is equal to 1 if UE transmits 

PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current 
subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 
5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise 
N ^1^^ is equal to 0. 

In case of CQI/PMI report for more than one DL cell, Oq , Oj , 02 ,..., Oq_i is the result of concatenating the CQI/PMI 
report for each DL cell in increasing order of cell index. 

- If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is 
performed according to section 5.2.2.6.4 with input sequence Oo,Oi,02,...,Oq_i . 

- For payload sizes greater than 1 1 bits, the CRC attachment, channel coding and rate matching of the channel 
quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit 
sequence to the CRC attachment operation is Oq , 0[ , Oj ,..., Oq_j . The output bit sequence of the CRC 

attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the 
channel coding operation is the input bit sequence to the rate matching operation. 

The output sequence for the channel coding of channel quality information is denoted by qQ,qy,q2,qj,,--; q^f .q . _i , 
where A?^ is the number of layers the corresponding UL-SCH transport block is mapped onto. 



5.2.2.6.1 



Channel quality information formats for wideband CQI reports 



Table 5.2.2.6.1-1 and Table 5.2.2.6. 1-lA show the fields and the corresponding bit widths for the channel quality 
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4, 
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transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with 
PMI/RI reporting with 2/4/8 antenna ports. A^ in Table 5.2.2.6.1-1 is defined in section 7.2 of [3]. 

Table 5.2.2.6.1-1 : Fields for channel quality information feedback for wideband CQI reports 

(transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, 

and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wideband CQI codeword 


4 


4 


4 


4 


Wideband CQI codeword 1 





4 





4 


Preceding matrix indicator 


2N 


A^ 


AN 


AN 



Table 5.2.2.6.1-1 A: Fields for channel quality information feedback for wideband CQI reports 
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports). 



Field 


Bit width 


Rank = 1 


Rank = 2 


Rank = 3 


Rank = 4 


Wideband CQI codeword 


4 


4 


4 


4 


Wideband CQI codeword 1 





4 


4 


4 


Wideband first PIVll i1 


4 


4 


2 


2 


Subband second PIVll i2 


AN 


AN 


AN 


3A/ 




Field 


Bit width 


Rank = 5 


Rank = 6 


Rank = 7 


Rank = 8 


Wideband CQI codeword 


4 


4 


4 


4 


Wideband CQI codeword 1 


4 


4 


4 


4 


Wideband first PIVll i1 


2 


2 


2 





Subband second PIVll i2 















Table 5.2.2.6.1-2 shows the fields and the corresponding bit width for the rank indication feedback for wideband CQI 
reports for PDSCH transmissions associated with transmission mode 4, transmission mode 8 configured with PMI/RI 
reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. 

Table 5.2.2.6.1-2: Fields for rank indication feedback for wideband CQI reports 

(transmission mode 4, transmission mode 8 configured with PMI/RI reporting, and transmission 

mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


IVIax 2 layers 


IVIax 4 layers 


IVIax 2 layers 


Max 4 layers 


Max 8 layers 


Rank indication 


1 


1 


2 


1 


2 


3 



The channel quality bits in Table 5.2.2.6.1-1 and Table 5.2. 2.6. 1-lA form the bit sequence Oo,Oi,02,...,Oq_i with Oq 
corresponding to the first bit of the first field in the table, Oj corresponding to the second bit of the first field in the 
table, and Oq_i corresponding to the last bit in the last field in the table. The field of PMI shall be in the increasing 
order of the subband index [3]. The first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence 
in Table 5.2.2.6.1-2 is encoded according to section 5.2.2.6. 

5.2.2.6.2 Channel quality information formats for higher layer configured subband CQI 

reports 

Table 5.2.2.6.2-1 shows the fields and the corresponding bit width for the channel quality information feedback for 
higher layer configured report for PDSCH transmissions associated with transmission mode 1, transmission mode 2, 
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting and transmission 
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mode 9 configured without PMI/RI reporting or configured with 1 antenna port. A^ in Table 5.2.2.6.2-1 is defined in 
section 7.2 of [3]. 

Table 5.2.2.6.2-1 : Fields for channel quality information feedback for higher layer configured subband 

CQI reports 

(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7, 

transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured 

without PMI/RI reporting or configured with 1 antenna port). 



Field 


Bit width 


Wide-band CQI codeword 


4 


Subband differential CQI 


2N 



Table 5.2.2.6.2-2 and Table 5.2.2.6.2-2A show the fields and the corresponding bit widths for the channel quality 
information feedback for higher layer configured report for PDSCH transmissions associated with transmission mode 4, 
transmission mode 5, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission 
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. A^ in Table 5.2.2.6.2-2 is defined in section 7.2 of 
[3]. 

Table 5.2.2.6.2-2: Fields for channel quality information feedback for higher layer configured subband 

CQI reports 

(transmission mode 4, transmission mode 5, transmission mode 6, transmission mode 8 configured 

with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna 

ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI codeword 


4 


4 


4 


4 


Subband differential CQI codeword 


2N 


2N 


2N 


2N 


Wide-band CQI codeword 1 





4 





4 


Subband differential CQI codeword 1 





2N 





2N 


Preceding matrix indicator 


2 


1 


4 


4 



Table 5.2.2.6.2-2A: Fields for channel quality information feedback for higher layer configured 
subband CQI reports (transmission mode 9 configured with PMI/RI reporting with 8 antenna ports). 



Field 


Bitwidth 


Rank = 1 


Rank = 2 


Rank = 3 


Rank = 4 


Wideband CQI codeword 


4 


4 


4 


4 


Subband differential CQI codeword 


2N 


2N 


2N 


2N 


Wideband CQI codeword 1 





4 


4 


4 


Subband differential CQI codeword 1 





2N 


2N 


2N 


Wideband first PIVII i1 


4 


4 


2 


2 


Subband second PIVll i2 


4 


4 


4 


3 




Field 


Bitwidth 




Rank = 5 


Rank = 6 


Rank = 7 


Rank = 8 


Wideband CQI codeword 


4 


4 


4 


4 


Subband differential CQI codeword 


2N 


2N 


2N 


2N 


Wideband CQI codeword 1 


4 


4 


4 


4 


Subband differential CQI codeword 1 


2N 


2N 


2N 


2N 


Wideband first PIVII i1 


2 


2 


2 





Subband second PIVII 12 















Table 5.2.2.6.2-3 shows the fields and the corresponding bit width for the rank indication feedback for higher layer 
configured subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, 
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transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting 
with 2/4/8 antenna ports. 

Table 5.2.2.6.2-3: Fields for rank indication feedback for higher layer configured subband CQI reports 

(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting, 

and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


Max 2 layers 


Max 4 layers 


Max 2 layers 


Max 4 layers 


Max 8 layers 


Rank indication 


1 


1 


2 


1 


2 


3 



The channel quahty bits in Table 5.2.2.6.2-1, Table 5.2.2.6.2-2 and Table 5.2.2.6.2-2A form the bit sequence 
Oo,Oi,02,...,Oq_[ with Oq corresponding to the first bit of the first field in each of the tables, Oj corresponding to the 

second bit of the first field in each of the tables, and Oq_i corresponding to the last bit in the last field in each of the 
tables. The field of the PMI and subband differential CQI shall be in the increasing order of the subband index [3]. The 
first bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence in Table 5.2.2.6.2-3 is encoded 
according to section 5.2.2.6. 



5.2.2.6.3 



Channel quality information formats for UE selected subband CQI reports 



Table 5.2.2.6.3-1 shows the fields and the corresponding bit widths for the channel quality information feedback for UE 
selected subband CQI for PDSCH transmissions associated with transmission mode 1, transmission mode 2, 
transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and transmission 
mode 9 configured without PMI/RI reporting or configured with 1 antenna port. L in Table 5.2.2.6.3-1 is defined in 
section 7.2 of [3]. 

Table 5.2.2.6.3-1 : Fields for channel quality information feedback for UE selected subband CQI 

reports 

(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7, 

transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured 

without PMI/RI reporting or configured with 1 antenna port). 



Field 


Bit width 


Wide-band CQI codeword 


4 


Subband differential CQI 


2 


Position of the M selected subbands 


L 



Table 5.2.2.6.3-2 and Table 5.2.2.6.3-2A show the fields and the corresponding bit widths for the channel quality 
information feedback for UE selected subband CQI for PDSCH transmissions associated with transmission mode 4, 
transmission mode 6, transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with 
PMI/RI reporting with 2/4/8 antenna ports. L in Table 5.2.2.6.3-2 is defined in section 7.2 of [3]. 

Table 5.2.2.6.3-2: Fields for channel quality information feedback for UE selected subband CQI 

reports 

(transmission mode 4, transmission mode 6, transmission mode 8 configured with PMI/RI reporting, 

and transmission mode 9 configured with PMI/RI reporting with 2/4 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI codeword 


4 


4 


4 


4 


Subband differential CQI codeword 


2 


2 


2 


2 


Wide-band CQI codeword 1 





4 





4 


Subband differential CQI codeword 1 





2 





2 


Position of the M selected subbands 


L 


L 


L 


L 


Preceding matrix indicator 


4 


2 


8 


8 
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Table 5.2.2.6.3-2A: Fields for channel quality information feedback for UE selected subband CQI 
reports (transmission mode 9 configured with PIVII/RI reporting with 8 antenna ports). 



Field 


Bit width 


Rank = 

1 


Rank = 
2 


Rank = 
3 


Rank = 
4 


Rank = 
5 


Rank = 
6 


Rank = 

7 


Rank = 
8 


Wide-band CQI codeword 


4 


4 


4 


4 


4 


4 


4 


4 


Subband differential CQI 
codeword 


2 


2 


2 


2 


2 


2 


2 


2 


Wide-band CQI codeword 1 





4 


4 


4 


4 


4 


4 


4 


Subband differential CQI 
codeword 1 





2 


2 


2 


2 


2 


2 


2 


Position of the M selected 
subbands 


L 


L 


L 


L 


L 


L 


L 


L 


Wideband first PMI i1 


4 


4 


2 


2 


2 


2 


2 





Wideband second PMI i2 


4 


4 


4 


3 














Subband second PIVII i2 


4 


4 


4 


3 















Table 5.2.2.6.3-3 shows the fields and the corresponding bit widths for the rank indication feedback for UE selected 
subband CQI reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission 
mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 
antenna ports. 

Table 5.2.2.6.3-3: Fields for rank indication feedback for UE selected subband CQI reports 

(transmission mode 3, transmission mode 4, transmission mode 8 configured with PMI/RI reporting, 

and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


IVIax 2 layers 


IVIax 4 layers 


IVIax 2 layers 


Max 4 layers 


Max 8 layers 


Rank indication 


1 


1 


2 


1 


2 


3 



The channel quality bits in Table 5.2.2.6.3-1, Table 5.2.2.6.3-2 and Table 5.2.2.6.3-2A form the bit sequence 

Oq,o^, O2 ,..., Oq^i with Oq corresponding to the first bit of the first field in each of the tables, Oj corresponding to the 

second bit of the first field in each of the tables, and Oq_[ corresponding to the last bit in the last field in each of the 
tables. The field of PMI shall start with the wideband PMI followed by the PMI for the M selected subbands. The first 
bit of each field corresponds to MSB and the last bit LSB. The RI bits sequence in Table 5.2.2.6.3-3 is encoded 
according to section 5.2.2.6. 



5.2.2.6.4 



Channel coding for CQI/PMI information in PUSCH 



The channel quality bits input to the channel coding block are denoted by 09,01,02, 03 ,..., Oq_i where O is the 
number of bits. The number of channel quality bits depends on the transmission format. When PUCCH-based reporting 
format is used, the number of CQI/PMI bits is defined in section 5.2.3.3.1 for wideband reports and in section 5.2.3.3.2 
for UE selected subbands reports. When PUSCH-based reporting format is used, the number of CQI/PMI bits is defined 
in section 5.2.2.6.1 for wideband reports, in section 5.2.2.6.2 for higher layer configured subbands reports and in section 
5.2.2.6.3 for UE selected subbands reports. 

The channel quality information is first coded using a (32, O) block code. The code words of the (32, O) block code are 
a linear combination of the 11 basis sequences denoted Mi^ and defined in Table 5.2.2.6.4-1. 
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Table 5.2.2.6.4-1 : Basis sequences for (32, O) code. 



i 


Mi,o 


Mi,i 


Mi,2 


Mi,3 


Mi,4 


Mi,5 


Mi,6 


Mi,7 


Mi,8 


Mi,9 


Mi,io 



































1 






1 




















1 




2 


















1 





1 


1 




3 







1 
















1 







4 






1 













1 










5 

















1 


1 


1 







6 







1 










1 





1 


1 




7 




















1 


1 







8 



















1 





1 




9 







1 









1 








1 




10 







1 










1 


1 





1 




11 






1 










1 





1 







12 




















1 


1 


1 




13 



















1 





1 




14 













1 







1 










15 












1 




1 


1 





1 




16 






1 





1 




1 








1 





17 












1 










1 








18 











1 




1 


1 











19 


















1 














20 







1 











1 











1 


21 


























1 


1 


22 













1 








1 







1 


23 






1 





1 













1 


1 


24 






1 




1 





1 


1 




1 





25 

















1 


1 








1 


26 







1 

















1 





27 






1 












1 




1 





28 







1 





1 




1 













29 







1 




1 




1 


1 










30 






1 




1 




1 


1 




1 


1 


31 



































The encoded CQI/PMI block is denoted by Z7o,^i,^2'^3'-'^b-i where B = 32 and 
0-1 

n=0 



bf = ^(o„ •M;„)mod2 where ; = 0, 1,2, ...,B-1. 



The output bit sequence qQ,q^,q2,q^,...,qff p _i is obtained by circular repetition of the encoded CQI/PMI block as 
follows 

?! = ^(i'modB) where / = 0, 1,2, . . ., NiQcQri, where Nl is the number of layers the corresponding UL-SCH 
transport block is mapped onto . 

5.2.2.6.5 Channel coding for more than 1 1 bits of HARQ-ACK information 

The HARQ-ACK bits input to the channel coding block are denoted by o^^^ o^^^ ,...,o'^ack_^ where 11<0'^'^'^ < 20 
is the number of bits. 

The sequences of bits o^""" ,0^^" ,of ,...,o^^fa, ^^-^^ and opJi«/2],of,A«/2|i,of,Ac^/2|2'-'%^«-i ^re encoded 
as follows 
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and 



O"^"^ - O"^'^ /2 -1 



1= Z [i'-/2;„-^'.«J"^°d2 



n=0 

where / = 0, 1, 2, ..., 31 and the basis sequences M, ^ are defined in Table 5.2.2.6.4-1. 

The output bit sequence q^ ,qy ^q^ ,...,qQ _i is obtained by the concatenation and circular repetition of the 
bit sequences ^q,5j,^2'---"^3i ^"d qQ,q^,q2,--;,q2\ as follows: 



Set / = 




while /<[^/2]q„ 




ACK 
y, - ?/mod32 




i = / + 1 




end while 




Set / = 




while /<(^-[^/2]- 


a 




nod 32 


/ = / + 1 




end while 





5.2.2.7 Data and control multiplexing 

The control and data multiplexing is performed such that HARQ-ACK information is present on both slots and is 
mapped to resources around the demodulation reference signals. In addition, the multiplexing ensures that control and 
data information are mapped to different modulation symbols. 

The inputs to the data and control multiplexing are the coded bits of the control information denoted by 
^0'?i''?2''?3'---''?A' Q ■ -1 '^^'^ ^^^ coded bits of the UL-SCH denoted by /q, /j, /j, /3,..., /c_i . The output of the data 

and control multiplexing operation is denoted by g ,g ,g ,g ,...,§ , , where H = [G + N j^ ■ Q(^qj ) cind 

H' = H I{n i' Q^ ) , and where g , i = 0,...,H'-l are column vectors of length [Q^ -Nj^) . H is the total number of 

coded bits allocated for UL-SCH data and CQl/PMI information across the A^^ transmission layers of the transport 
block. 

In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI 
information is multiplexed with data only on the UL-SCH transport block with highest Imcs value on the initial grant. In 
case the two transport blocks have the same I^cs value in the corresponding initial UL grant, the CQI/PMI information 
is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single 
transport block transmission, and assuming that N^ is the number of layers onto which the UL-SCH transport block is 
mapped, the control information and the data shall be multiplexed as follows: 

Set/,;, fetoO 
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while j < A^^ -Qcoi " ^^^^^ place the control information 

k = k + \ 
end while 
while i<G — then place the data 

k = k+\ 

end while 

5.2.2.8 Channel interleaver 

The channel interleaver described in this section in conjunction with the resource element mapping for PUSCH in [2] 
implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that the HARQ- 
ACK and RI information are present on both slots in the subframe. HARQ-ACK information is mapped to resources 
around the uplink demodulation reference signals while RI information is mapped to resources around those used by 
HARQ-ACK. 

nj nj nj nj 

The input to the channel interleaver are denoted by s ,s ,s ,...,s , , q„ ,q ,q^ ,--,<7 / and 

q ,q ,q ,...,q , . In case where more than one UL-SCH transport block are transmitted in a subframe of 

-0 -1 -2 -Q/^Q^-\ 

an UL cell, the HARQ-ACK and RI information are multiplexed with data on both UL-SCH transport blocks. 

The number of modulation symbols per layer in the subframe is given by //^^/a/ = H' + 2^^ . The output bit sequence 
from the channel interleaver is derived as follows: 

(1) Assign C,„„ = A'syjnb to be the number of columns of the matrix. The columns of the matrix are numbered 0, 
1, 2,...,C„„j. -1 from left to right. A'f^^'^" is determined according to section 5.2.2.6. 

(2) The number of rows of the matrix is /?„„ = {h'„,^i -Q^-Nj)! C,„„ and we define R'^^^ = R^^ I{Q^ -N^). 
The rows of the rectangular matrix are numbered 0, 1,2,..., /?„„ - 1 from top to bottom. 

Rf Rf RJ RI 

(3) If rank information is transmitted in this subframe, the vector sequence ^ ,q ,q ,...,^„, is written onto 

_0 -1 -2 -Qifj-l 

the columns indicated by Table 5.2.2.8-1, and by sets of [Q^ ■ N^J rows starting from the last row and moving 
upwards according to the following pseudo-code. 

Set /, j to 0. 
Set r to R'„^,-l 
while i < Q'j^j 

Cm = Colunm Set(7) 

RI 

y = q 
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i = i + l 

'- = <«-l-L'/4j 
7 = (7 + 3) mod 4 

end while 

Where ColumnSet is given in Table 5.2.2.8-1 and indexed left to right from to 3. 

(4) Write the input vector sequence, for A; = 0, 1 , . . . , H'-l , into the (/?„„ x C„„ ) matrix by sets of (2,„ • Nj^ ) rows 
starting with the vector y in column and rows to [Q^ ■ Nj^ - 1) and skipping the matrix entries that are 

already occupied: 



-C +1 



-C +2 



y , y , y , 



-2C -1 



y , 



The pseudocode is as follows: 
Set i, k to 0. 

while k < //' , 
if y is not assigned to RI symbols 

k = k+ 1 
end if 
i = i+l 
end while 

AC^K Af^JC AC^K Af^JC 

(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence ^ ,q ,q ,...,q , 

-0 -1 -2 _Q_4(;^-1 

is written onto the columns indicated by Table 5.2.2.8-2, and by sets of (Q,,, • A^^j rows starting from the last row 

and moving upwards according to the following pseudo-code. Note that this operation overwrites some of the 
channel interleaver entries obtained in step (4). 

Set /, j to 0. 
Set r to <„-l 
while / < Q'^cK 

^ ACK - ColumnSet(7) 



y 



'■xC„„„+e, 



^?,- 



ACK 



i = i + \ 

'■=C«-i-L'/4j 

; = (7 + 3)mod4 
end while 
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Where ColumnSet is given in Table 5.2.2.8-2 and indexed left to right from to 3. 

(6) The output of the block interleaver is the bit sequence read out column by column from the (/?„„„ x C„„^ ) 

matrix. The bits after channel interleaving are denoted by /ig , /ij , /l2 v? ^//+Af .n -i ' where ^ is the number 
of layers the corresponding UL-SCH transport block is mapped onto. 

Table 5.2.2.8-1 : Column set for Insertion of rank information. 



CP configuration 


Column Set 


Normal 


{1,4,7,10} 


Extended 


{0, 3, 5, 8} 



Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information. 



CP configuration 


Column Set 


Normal 


{2, 3, 8, 9} 


Extended 


{1,2,6,7} 



5.2.3 Uplink control information on PUCCH 

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ 
acknowledgement. 

Three forms of channel coding are used, 

- one for HARQ-ACK and for combination of HARQ-ACK and periodic CSI transmitted on PUCCH format 3, 

including the cases with scheduling request, 

- another for the channel quality information CQI/PMI transmitted on PUCCH format 2, 

- and another for combination of CQI/PMI and HARQ-ACK transmitted on PUCCH format 2/2a/2b. 



fl(),fll,- 


1 


1 




Channel coding 


^,^,. 


■'Vi , 


< 



Figure 5.2.3-1 : Processing for UCI. 



5.2.3.1 



Channel coding for UCI HARQ-ACK 



The HARQ-ACK bits are received from higher layers for each subframe of each cell. Each positive acknowledgement 
(ACK) is encoded as a binary ' 1 ' and each negative acknowledgement (NACK) is encoded as a binary '0' . For the case 
where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback 
information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. 
For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of 
HARQ-ACK information, a^^, is used for that cell. For cells configured with other transmission modes, 2 bits of 

HARQ-ACK information are used for those cells, i.e., a^,a^+i with a^ corresponding to HARQ-ACK bit for 
codeword and a^+j corresponding to that for codeword 1. 
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Define N j^n^ "™" as the number of HARQ-ACK bits including the possible concurrent transmission of scheduling 
request and/or periodic CSI when PUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in 
[3]). 

For FDD, the sequence of bits aQ,ai,a2,--;,a puccHformais is the result of the concatenation of HARQ-ACK bits for 

different cells according to the following pseudo-code: 

Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 

Set; = - HARQ-ACK bit index 

Set A^^y? to the number of cells configured by higher layers for the UE 

while c< NZ'i,, 

if transmission mode configured in cell c e {1,2,5,6,7 } — 1 bit HARQ-ACK feedback for this cell 

Qj = HARQ-ACK bit of this cell 

i=i+i 

else 

a , = HARQ-ACK bit corresponding to the first codeword of this cell 

a , = HARQ-ACK bit corresponding to the second codeword of this cell 

end if 
c = c + 1 
end while 

For TDD, the sequence of bits aQ,ai,a2,--;,a puccHfonmis is obtained from the HARQ-ACK bits for different cells 
and different subframes. 

Define N^^n, as the number of cells configured by higher layers for the UE and B^ as the number of downlink 
subframes for which the UE needs to feedback HARQ-ACK bits in cell c as defined in Section 7.3 of [3]. 

The number of HARQ-ACK bits for the UE to convey is computed as follows: 

Set fe = - counter of HARQ-ACK bits 

Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 

while c < N^J;, 

set / = 0; 

while / < B^ 

if transmission mode configured in cell c e {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell 

k = k+ 1 
else 
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k = k + 2 
end if 

end while 

c = c+\ 
end while 

\fk< 20, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code: 
Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 
Set; = - HARQ-ACK bit index 

while c < N^i 
set / = 0; 
while / < B^ 

if transmission mode configured in cell c e {1,2,5,6,7} — 1 bit HARQ-ACK feedback for this cell 
O f ^'^ = o^?^ HARQ-ACK bit of this cell as defined in Section 7.3 of [3] 

else 

[o^'^'^ , of^^^ ] = [o;*2f ' O^aM ] HARQ-ACK bit of this cell as defined in Section 7.3 of [3] 

end if 

l = l+\ 

end while 

c = c+\ 

end while 

If A; > 20, spatial bundling is applied to all subframes in all cells and the multiplexing of HARQ-ACK bits is performed 
according to the following pseudo-code 

Set c = - cell index: lower indices correspond to lower RRC indices of corresponding cell 

Set; = - HARQ-ACK bit index 

while c < N^m 
set / = 0; 
while I < B^ 

if transmission mode configured in cell c e {1,2,5,6,7} - 1 bit HARQ-ACK feedback for this cell 
of = of, HARQ-ACK bit of this cell as defined in Section 7.3 of [3] 
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else 

"^ ACK ACK 

^ i ~ ^c I binary AND operation of the HARQ-ACK bits corresponding to the first and second 
codewords of this cell as defined in Section 7.3 of [3] 

end if 

end while 

c = c+\ 

end while 

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to 
the UE by higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; = negative 
SR) is appended at the end of the sequence of concatenated HARQ-ACK bits. 

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to 
the UE by higher layers for transmission of periodic CSI, the periodic CSI bits (as defined in section 7.2.2 [3]) are 
appended at the end of the sequence of concatenated HARQ-ACK bits and scheduling request bit (if any). As with the 
transmission of the scheduling request, the procedure above is used with Af ™^'^^*°™'"^ including the number of 
periodic CSI bits and scheduling request bit (if any). 

For A^^/^ °™'" < 11 , the bit sequence 00,01,02,. ..,,fl puccHformats is obtained by setting O; = o, 

For 11 < Af™^*^^ '°™'" ^ < 22 , the bit sequence Oo,0i,02,...,,o puccHformats is obtained by setting o,/2=0; if/is 
even and or..p„rrw„™«i ,.1 = O:^^^ if / is odd. 



te™^'"""""/2l«-l)/2 "'''■' 



For A'™^ ^ °™'" < 11 , the sequence of bits Oo,0i,02,...,,o puccHformais is encoded as follows 



,,PUCCH formal 3 



-1 



bi= Yj^a„-Mi„)moA2 



n=0 

where i = 0, 1, 2, ..., 31 and the basis sequences M, „ are defined in Table 5.2.2.6.4-1. 

The output bit sequence b^^by, ^2 '••■' ' ^b-i is obtained by circular repetition of the sequence bQ,bi, b2 ,-■., , ^31 

^1 =^(!mod32) 

where / = 0, 1, 2, . . ., B-l and where B = 4- N^J^ . 

For 11 <Af^y^™*°™"^< 22, the sequences of bits Oq, 01,02,...,, of pyccHformat3/2li ^nd 

<2r,rPUCCH format 3 ,^l '^'f,, PUCCH format 3 ,,1, ^ flf,, PUCCH format 3 ,,1 , i---^ i '^l ., PUCCH format 3 , ^fC CUCOdcd aS tollOWS 

"a/w '^I \"a/n '2|<-' \"a/n '^r^ "a/N "' 

„PUCCH format 3,^1 , 
/N 



Y.i''n-MiJmod2 



n=0 

and 
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'3 r 

"AIN I 



PUCCH format 3 ,,PUCCH formal 3 



/2 -1 



b,= g (^a^^pyccHfo„„a,3/2|„-A?,>Jmod2 

where / = 0, 1,2, ..., 23 and the basis sequences M,„ are defined in Table 5.2.2.6.4-1. 

The output bit sequence bQ,b^, ^2 '■■■' ' ^b-i where B = 4 • //j^^^ is obtained by the alternate concatenation of the bit 
sequences bQ,bi,b2,---,,b2j,Sind ^q,^],^2'---"^23 as follows 
Seti,j = 



while i<4--N^^ 




bi=bj,b,,,- 


= Vi 


bi.2=bj,h 


+3=^+1 


i = i + 4 




J=J + 2 




end while 





When PUCCH format 3 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK bits are processed for 
transmission according to section 10.1 in [3]. 

5.2.3.2 Channel coding for UCI scheduling request 

The scheduling request indication is received from higher layers and is processed according to [2]. 

5.2.3.3 Channel coding for UCI channel quality information 

The channel quality bits input to the channel coding block are denoted by Oq , Oj , 02 , 03 ,..., fl^_i where A is the number 
of bits. The number of channel quality bits depends on the transmission format as indicated in section 5.2.3.3.1 for 
wideband reports and in section 5.2.3.3.2 for UE-selected subbands reports. 

The channel quality information is coded using a (20, A) code. The code words of the (20, A) code are a linear 
combination of the 13 basis sequences denoted Min and defined in Table 5.2.3.3-1. 
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Table 5.2.3.3-1 : Basis sequences for (20, A) code. 



i 


Mi,„ 


Mu 


Mu 


Mu 


M,.4 


M,.5 


M,.6 


Mi,7 


Mi,8 


Mi,, 


Mkio 


Mkii 


Mr.i2 







1 

































1 




1 


1 




















1 









2 










1 








1 





1 


1 








3 







1 


1 














1 











4 




1 


1 


1 

























5 




1 













1 




1 











6 







1 










1 





1 


1 








7 










1 












1 











8 




1 





1 















1 








9 







1 


1 







1 








1 








10 







1 










1 







1 








11 




1 


1 










1 





1 











12 










1 












1 


1 








13 




1 





1 















1 








14 



































15 




1 












1 







1 









16 




1 


1 









1 








1 









17 










1 












1 












18 




1 





1 






1 


1 

















19 


















1 





















After encoding the bits are denoted by b^ ,b^,b2, ^3 ,..., bg_y where B = 20 and with 
bi =^(a„ •M,„jmod2 where / = 0, 1,2, ...,B-1. 



n=0 



5.2.3.3.1 



Channel quality information formats for wideband reports 



Table 5.2.3.3.1-1 shows the fields and the corresponding bit widths for the channel quality information feedback for 
wideband reports for PDSCH transmissions associated with a transmission mode 1, transmission mode 2, transmission 
mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 
configured without PMI/RI reporting or configured with 1 antenna port. 

Table 5.2.3.3.1-1 : UCI fields for channel quality information feedback for wideband CQI reports 

(transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7, 

transmission mode 8 configured without PMI/RI reporting, and transmission mode 9 configured 

without PMI/RI reporting or configured with 1 antenna port). 



Field 


Bit width 


Wide-band CQI 


4 



Table 5.2.3.3.1-2 shows the fields and the corresponding bit widths for the channel quality and precoding matrix 
information feedback for wideband reports for PDSCH transmissions associated with transmission mode 4, 
transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting. 
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Table 5.2.3.3.1-2: UC! fields for channel quality information feedback for wideband CQI reports 
(transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 

configured with PMI/RI reporting). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 


Preceding matrix indicator 


2 


1 


4 


4 



Table 5.2.3.3.1-2A and Table 5.2.3.3. 1-2B show the fields and the corresponding bit widths for the channel quality and 
precoding matrix information feedback for wideband reports for PDSCH transmissions associated with transmission 
mode 9 configured with PMI/RI reporting. 

Table 5.2.3.3.1 -2A: UCI fields for transmission of wideband CQI and precoding information (12) 
for transmission mode 9 configured with PMI/RI reporting 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


Rank = 

1 


Rank = 
2 


Rank = 

1 


Rank> 

1 


Rank = 

1 


Rank = 
2,3 


Rank = 
4 


Rank> 
4 


Wide-band CQI 


4 


4 


4 


4 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 





3 


3 


3 


Wide-band PMI (2 or 4 

antenna ports) 
or i2 (8 antenna ports) 


2 


1 


4 


4 


4 


4 


3 






Table 5.2.3.3. 1-2B: UCI fields for transmission of wideband CQI and precoding information (i1, 12) for 
transmission mode 9 configured with PMI/RI reporting with 8 antenna ports 



Field 


Bit width 


8 antenna ports 


Rank = 1 


Rank = 2 


Rank = 3 


Rank =4 


Rank = 5 


Rank = 6 


Rank = 7 


Rank = 8 


Wide-band CQI 


4 


4 


4 


4 


4 


4 


4 


4 


Spatial differential CQI 





3 


3 


3 


3 


3 


3 


3 


11 


3 


3 


1 


1 


2 


2 


2 





Wide-band 12 


1 


1 


3 


3 















Table 5.2.3.3.1-3 shows the fields and the corresponding bit widths for the rank indication feedback for wideband 
reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4, transmission mode 8 
configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. 

Table 5.2.3.3.1-3: UCI fields for rank indication feedback for wideband reports (transmission mode 3, 

transmission mode 4, transmission mode 8 configured with PMI/RI reporting, and transmission mode 

9 configured with PMI/RI reporting with 2/4/8 antenna ports). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


IVIax 2 layers 


IVIax 4 layers 


IVIax 2 layers 


Max 4 layers 


Max 8 layers 


Rank indication 


1 


1 


2 


1 


2 


3 



Table 5.2.3.3. 1-3A shows the fields and the corresponding bit widths for the joint transmission of rank indication and il 
for wideband reports for PDSCH transmissions associated with transmission mode 9. 
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Table 5.2.3.3. 1-3A: UCI fields for joint report of Rl and 11 (transmission mode 9 configured with PIUII/RI 

reporting with 2/4/8 antenna ports) 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


8 antenna ports 


Max 2 layers 


Max 4 layers 


Max 2 layers 


Max 4 layers 


Max 8 layers 


Rank indication 


1 


1 


2 


4 


5 


5 


i1 


- 


- 


- 



The channel quahty bits in Table 5.2.3.3.1-1 through Table 5.2.3.3. 1-3 A form the bit sequence 00,01,02,03,..., fl^_i 
with Oq corresponding to the first bit of the first field in each of the tables, Oj corresponding to the second bit of the 
first field in each of the tables, and o^_i corresponding to the last bit in the last field in each of the tables. The first bit 
of each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table 



Rl 



RI 



RI 



5.2.2.6-5 with Og replaced by Og . The RI feedback for two bits is mapped according to Table 5.2.2.6-6 with Og , o 
replaced by Oq,Oi . The RI feedback for three bits is mapped according to Table 5.2.2.6-7 with Oq' , of' , o*' replaced 
by aQ,a^,a2 . The mapping for the jointly coded RI and il is provided in Table 7.2.2-lE of [3]. 

When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurations in Table 
5.2.3.3.1-3 and Table 5.2.3.3.1-3A is performed assuming RI transmission in section 5.2.2.6. All other transmission 
configurations in this section are coded and multiplexed assuming CQI/PMI transmission in section 5.2.2.6. 



5.2.3.3.2 



Channel quality information formats for UE-selected sub-band reports 



Table 5.2.3.3.2-1 shows the fields and the corresponding bit widths for the sub-band channel quality information 
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 1, transmission 
mode 2, transmission mode 3, transmission mode 7, transmission mode 8 configured without PMI/RI reporting, and 
transmission mode 9 configured without PMI/RI reporting or configured with 1 antenna port. 

Table 5.2.3.3.2-1 : UCI fields for channel quality information feedback for UE-selected sub-band CQI 

reports (transmission mode 1, transmission mode 2, transmission mode 3, transmission mode 7, 

transmission mode 8 configured without PIVII/RI reporting, and transmission mode 9 configured 

without PIVII/RI reporting or configured with 1 antenna port). 



Field 


Bit width 


Sub-band CQI 


4 


Sub-band label 


1 or 2 



Table 5.2.3.3.2-2 shows the fields and the corresponding bit widths for the sub-band channel quality information 
feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 4, transmission 
mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting. 

Table 5.2.3.3.2-2: UCI fields for channel quality information feedback for UE-selected sub-band 
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 

configured with PIVII/RI reporting). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Sub-band CQI 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 


Sub-band label 


1 or 2 


1 or 2 


1 or 2 


1 or 2 



Table 5.2.3.3.2-2A and Table 5.2.3.3.2-2B show the fields and the corresponding bit widths for the sub-band channel 
quality information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission 
mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. 
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Table 5.2.3.3.2-2A: UCI fields for channel quality information feedback for UE-selected sub-band 
reports (transmission mode 9 configured with PIVII/RI reporting with 2/4 antenna ports) 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Ranl< = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI 














Sub-band CQI 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 


Wide-band 12 














Sub-band 12 














Sub-band label 


1 or 2 


1 or 2 


1 or 2 


1 or 2 



Table 5.2.3.3.2-2B: UCI fields for channel quality feedback for UE-selected sub-band reports 
(transmission mode 9 configured with PMI/RI reporting with 8 antenna ports) 



Field 


Bit width 


8 antenna ports 


Rank = 1 


Rank 


= 2,3 


Rank = 4 


Rankz 


5,6,7 


Rank = 8 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


Wide-band CQI 


4 





4 





4 





4 





4 





Sub-band CQI 





4 





4 





4 





4 





4 


Spatial differential CQI 








3 


3 


3 


3 


3 


3 


3 


3 


Wide-band 12 


4 





4 





3 

















Sub-band 12 





4 





2 





2 














Sub-band label 





1 or 2 





1 or 2 





1 or 2 





1 or 2 





1 or 2 



Table 5.2.3.3.2-3 shows the fields and the corresponding bit widths for the wide-band channel quality and preceding 
matrix information feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission 
mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 configured with PMI/RI reporting. 

Table 5.2.3.3.2-3: UCI fields for channel quality information feedback for UE-selected sub-band CQI 
reports (transmission mode 4, transmission mode 5, transmission mode 6 and transmission mode 8 

configured with PMI/RI reporting). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 


Precoding matrix indicator 


2 


1 


4 


4 



Table 5.2.3.3.2-3A and Table 5.2.3.3.2-3B show the fields and the corresponding bit widths for the wide-band channel 
quality and precoding matrix information feedback for UE-selected sub-band reports for PDSCH transmissions 
associated with transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports. 

Table 5.2.3.3.2-3A: UCI fields for wide-band channel quality and precoding matrix information 
feedback for UE-selected sub-band reports (transmission mode 9 configured with PMI/RI reporting 

with 2/4 antenna ports) 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Rank = 1 


Rank = 2 


Rank = 1 


Rank > 1 


Wide-band CQI 


4 


4 


4 


4 


Spatial differential CQI 





3 





3 


i1 














Wide-band 12 


2 


1 


4 


4 
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Table 5.2.3.3.2-3B: UCI fields for wide-band chiannel quality and preceding matrix information 
feedbacit for UE-selected sub-band reports (transmission mode 9 configured withi PIVII/RI reporting 

with) 8 antenna ports) 



Field 


Bit width 


8 antenna ports 


Rank = 1 


Rank = 2 


Rank = 3 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


Wide-band CQI 





4 





4 





4 


Spatial differential CQI 











3 





3 


11 


4 





4 





2 





Wide-band 12 





4 





4 





4 




Field 


Bit width 


8 antenna ports 


Rank = 4 


Rank = 5, 6, 7 


Rank = 8 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


PTI=0 


PTI=1 


Wide-band CQI 





4 





4 





4 


Spatial differential CQI 





3 





3 





3 


11 


2 





2 











Wide-band 12 





3 















Table 5.2.3.3.2-4 shows the fields and the corresponding bit width for the rank indication feedback for UE-selected sub- 
band reports for PDSCH transmissions associated with transmission mode 3, transmission mode 4 and transmission 
mode 8 configured with PMI/RI reporting. 

Table 5.2.3.3.2-4: UCI fields for rank indication feedback for UE-selected sub-band reports 
(transmission mode 3, transmission mode 4 and transmission mode 8 configured withi PIVII/RI 

reporting). 



Field 


Bit width 


2 antenna ports 


4 antenna ports 


Max 2 layers 


Max 4 layers 


Rank indication 


1 


1 


2 



Table 5.2.3.3.2-4A shows the fields and the corresponding bit width for the rank indication and precoder type indication 
(PTI) feedback for UE-selected sub-band reports for PDSCH transmissions associated with transmission mode 9 
configured with PMI/RI reporting with 2/4/8 antenna ports. 

Table 5.2.3.3.2-4A: UCI fields for joint report of Rl and PTI (transmission mode 9 configured witli 

PIVII/RI reporting with 2/4/8 antenna ports) 



Field 


Bit width 


2 antenna 
ports 


4 antenna ports 


8 antenna ports 


Max 2 
layers 


Max 4 
layers 


Max 2 
layers 


Max 4 
layers 


Max 8 
layers 


Rank indication 


1 


1 


2 


1 


2 


3 


Precoder type 
indication 


- 


- 


- 


1 


1 


1 



The channel quality bits in Table 5.2.3.3.2-1 through Table 5.2.3.3.2-4A form the bit sequence flo,fl[,fl2,fl3,..., fl^_i 
with Aq corresponding to the first bit of the first field in each of the tables, Oj corresponding to the second bit of the 
first field in each of the tables, and a^_i corresponding to the last bit in the last field in each of the tables. The first bit 
of each field corresponds to MSB and the last bit LSB. The RI feedback for one bit is mapped according to Table 
5.2.2.6-5 with Og replaced by Og . The RI feedback for two bits is mapped according to Table 5.2.2.6-6 with Oq , 0[ ' 



RI RI 

O, . 



replaced by Oq, a; . The RI feedback for three bits is mapped according to Table 5.2.2.6-7 with Oq , i^j 
by agjap^j . 



,«/ 



02 replaced 



When multiplexed with UL-SCH, the channel coding and multiplexing for the transmission configurations in Table 
5.2.3.3.2-4 and Table 5.2.3.3.2-4A is performed assuming RI transmission in section 5.2.2.6. All other transmission 
configurations in this section are coded and multiplexed assuming CQI/PMI transmission in section 5.2.2.6. 
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5.2.3.4 Channel coding for UCI channel quality information and HARQ-ACK 

This section defines the channel coding scheme for the simuhaneous transmission of channel quality information and 
HARQ-ACK information in a subframe. 

When normal CP is used for uplink transmission, the channel quality information is coded according to section 5.2.3.3 
with input bit sequence a'Q,a'i,a'2,a'2,...,a\'_i and output bit sequence bQ,b{,b2,b2,...,bg'_i, where B' = 20.The 
HARQ-ACK bits are denoted by Og in case one HARQ-ACK bit or a"^,a" in case two HARQ-ACK bits are reported 

per subframe. Each positive acknowledgement (ACK) is encoded as a binary ' 1 ' and each negative acknowledgement 
(NACK) is encoded as a binary '0'. 

The output of this channel coding block for normal CP is denoted by bQ,b^,b2, b-^,..., bg_^ , where 

b. =b\,i = 0,...,B'-\ 
In case one HARQ-ACK bit is reported per subframe: 

bg=a'Q and B = {b' + \) 
In case two HARQ-ACK bits are reported per subframe: 

bg = Qq, bg'^i = a" and B = (b' + 2) 

When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK bits are jointly 
coded. The HARQ-ACK bits are denoted by Oq in case one HARQ-ACK bit or [oq, a'] in case two HARQ-ACK bits 
are reported per subframe. 

The channel quality information denoted by ao,ai,a2,a3,.--,a^'_i is multiplexed with the HARQ-ACK bits to yield the 
sequence aQ,ay,a2,a-^,...,aj^_^ as follows 

fl; = a'i,i = 0,..., A'-l 
and 

fl^' = a") and A = (A' + 1) in case one HARQ-ACK bit is reported per subframe, or 

'^ A' = '^iQ , a(A'+i) = fli' and A = [A' + 2) in case two HARQ-ACK bits are reported per subframe. 

The sequence flo''3i''32''^3'---''^A-i i^ encoded according to section 5 . 2 . 3 . 3 to yield the output bit sequence 
i'o,^i,^2'^3'---'^B-i where B = 2Q. 



5.2.4 Uplink control information on PUSCH without UL-SCH data 

When control data are sent via PUSCH without UL-SCH data, the following coding steps can be identified: 

- Channel coding of control information 

- Control information mapping 

- Channel interleaver 

5.2.4.1 Channel coding of control information 

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and 
rank indication. Different coding rates for the control information are achieved by allocating different number of coded 
symbols for its transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the 
number of coded symbols Q for HARQ-ACK or rank indicator as 
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Q' = min 



V) jij PUSCH j^jPUSCH nPUSCH 



^CQI-MIN 



A-M 



\ 

PUSCH 



where O is the number of HARQ-ACK bits as defined in section 5.2.2.6, or rank indicator bits, 0(^qj_hjji^ is the 
number of CQI bits including CRC bits assuming rank equals to 1 for all serving cells for which one or multiple 

PI JSCH 

aperiodic CSI report(s) are triggered [3], M^^. is the scheduled bandwidth for PUSCH transmission in the current 

subframe expressed as a number of subcarriers in [2], and N ^^ is the number of SC-FDMA symbols in the current 

PUSCH transmission sub-frame given by A^,™ b*^" = (2 • {n^^];^^ - ij- A^^^^ ) , where A'^.^^, is equal to 1 if UE is 

configured to send PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource 
allocation for the current subframe even partially overlaps with the cell-specific SRS subframe and bandwidth 
configuration defined in section 5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined 
in Section 8.2 of [3]. Otherwise A^^^^ is equal to 0. 



For HARQ-ACK information Q,,, = Q^ ■ Q' and [ J^^^" = C^f / ^Z ]' -^ere ^^^f ' ^^all be 
determined according to [3]. 

For rank indication 2^^ =2,,, ■ Q' snA[/5^^^lf" - fi offset I fioffL 1' where fi^l^^^, shall be determined according to 

[3]. 

For CQI and/or PMI information Q^^^ = N'^"J^™ ■ M !^"'™ ■ Q„ - Q^, . 

The channel coding and rate matching of the control data is performed according to section 5.2.2.6. The coded output 
sequence for channel quality information is denoted by ^o''?1''?2'^3'"-''?q -i' '■^^ coded vector sequence output for 

Af^v Af^JC AC^K Af^JC 

HARQ-ACK is denoted by ^ ,q ,q ,...,q , and the coded vector sequence output for rank indication is 

-0 -1 -2 _g^c^-l 

J . , , RI Rl RI Rl 

denotedbyo ,q ,q ,...,q 

5.2.4.2 Control information mapping 

The input are the coded bits of the channel quality information denoted by qQ,q^,q2,Cl^,...,qQ j . The output is 
denoted by g ,g,g ,g ,---,g , , where H — Q„„, and //'= ///2,jj , and where g , i = Q,...,H' -\ are column 

— U — 1 — A — J — ti 1 ^ — / 

vectors of length Q^ . H is the total number of coded bits allocated for CQI/PMI information. 
The control information shall be mapped as follows: 
Setj, fetoO 

while j < QcQ, 

j= J+Qm 
k = k+\ 

end while 
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5.2.4.3 



Channel interleaver 



rr, . RI RI RI RI , ACK ACK ACK ACK , , 

The vector sequences s ,s ,s ,...,s , , q , ,q ,q^ ,...,q , and q ,q ,q ,...,q , are channel 

^ O0^r^2 ^H-\ i() '2.1 '2.2 'ig^^-l io il ±1 '!le;,cK-l 

interleaved according section 5.2.2.8. The bits after channel interleaving are denoted by hf^,hy ,h2,...,hfj_^Q _^ . 

5.3 Downlink transport channels and control information 
5.3.1 Broadcast channel 

Figure 5.3.1-1 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form 
of a maximum of one transport block every transmission time interval (TTI) of 40ms. The following coding steps can 
be identified: 

- Add CRC to the transport block 

- Channel coding 

- Rate matching 

The coding steps for BCH transport channel are shown in the figure below. 



flo,fli,.-, 


«A-1 


r 




CRC attachment 


Co,Ci,..., 


Ck-I 


r 




Channel coding 


«0 '"l 




r 




Rate matching 


eo,ei,... 


eE-, , 


r 



Figure 5.3.1-1 : Transport channel processing for BCH. 

5.3.1 .1 Transport block CRC attachment 

Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC). 

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer 
1 byaQ,a^,a2,a^^,...,a^_^, and the parity bits by ;?o,;?i, /?2,;53, ...,/? /,_i -A is the size of the transport block and set to 
24 bits and L is the number of parity bits. The lowest order information bit oq is mapped to the most significant bit of 
the transport block as defined in section 6. 1. 1 of [5]. 

The parity bits are computed and attached to the BCH transport block according to section 5.1.1 setting L to 16 bits. 
After the attachment, the CRC bits are scrambled according to the eNodeB transmit antenna configuration with the 
sequence -^^an, o ' -^^an; i'---' -^^anr 15 as indicated in Table 5.3. 1. 1-1 to form the sequence of bits Cq,Cj,C2,C3,...,Cj^_j where 



for/t = 0, 1,2, 



,A-1 
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Ck =(/'*-A+-*^««a-A)mod2 forfe = A,A+l,A+2,...,A+15. 



Table 5.3.1.1-1 : CRC mask for PBCH. 



Number of transmit antenna ports at eNodeB 


PBCH CRC mask 


1 


<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0> 


2 


<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1> 


4 


<0, 1,0, 1,0, 1,0, 1, 0, 1,0, 1,0, 1,0, 1> 



5.3.1.2 



Channel coding 



Information bits are delivered to the channel coding block. They are denoted byco,Ci,C2,C3,...,c^_i , where K'\s the 
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1. 

After encoding the bits are denoted hy d^ ,d\ ,d2 ,d^ ,---,dQ\ , with/ = 0,1, and 2 , and where D is the number of bits 
on the /-th coded stream, i.e., D = K . 



5.3.1.3 



Rate matching 



A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted 
by d^ ,d^ ,d2 Kd^ ,---,djy_i , with/ = 0,1, and 2 , and where / is the coded stream index and D is the number of bits in 
each coded stream. This coded block is rate matched according to section 5.1.4.2. 

After rate matching, the bits are denoted by eg, 61,62,^3,. ..,e£_i , where E is the number of rate matched bits as defined 
in section 6.6.1 of [2]. 

5.3.2 Downlink shared channel, Paging channel and Multicast channel 

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport 
channels. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time 
interval (TTI) per DL cell. The following coding steps can be identified for each transport block of a DL cell: 

- Add CRC to the transport block 

- Code block segmentation and code block CRC attachment 

- Channel coding 

- Rate matching 

- Code block concatenation 

The coding steps for PCH and MCH transport channels, and for one transport block of DL-SCH are shown in the figure 
below. The same processing applies for each transport block on each DL cell. 
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C/a, Wi y • -j G, A_\ 



Transport block 
CRC attachment 



bo,bi,...,bg_i 



Code block segmentation 
Code block CRC attachment 



r0^^r\^---^^r(K^-l) 



Channel coding 



j(0 j(0 j(0 

"rO'"rl '■■■'" r{D,-l) 
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r(E,-\) 
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Figure 5.3.2-1 : Transport block processing for DL-SCH, PCH and MCH. 



5.3.2.1 Transport block CRC attachment 

Error detection is provided on transport blocks through a CycHc Redundancy Check (CRC). 

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer 
1 byflo,fl[,fl2,fl3,..., a^_i, and the parity bits hy Pq, pi, p2, pj,---, Pi^i- A is the size of the transport block and Lis the 
number of parity bits. The lowest order information bit Oo is mapped to the most significant bit of the transport block as 
defined in section 6.1.1 of [5]. 

The parity bits are computed and attached to the transport block according to section 5.1.1 setting L to 24 bits and using 
the generator polynomial gcRC24A(£^)- 



5.3.2.2 



Code block segmentation and code block CRC attachment 



The bits input to the code block segmentation are denoted by bQ,b^,b2,bT^,...,bg_^ where B is the number of bits in the 
transport block (including CRC). 



Code block segmentation and code block CRC attachment are performed according to section 5.1.2. 

, cji^ _i) , where r is the code block number 



The bits after code block segmentation are denoted by c^q , c^j , Cr2 ' <^r3 ' 
and Kr is the number of bits for code block number r. 
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5.3.2.3 Channel coding 

Code blocks are delivered to the channel coding block. They are denoted by c^g ' ^n ' ^ri iCy-i,,---, cjj^ a , where r is the 

code block number, and K,. is the number of bits in code block number r. The total number of code blocks is denoted by 
C and each code block is individually turbo encoded according to section 5.1.3.2. 

After encoding the bits are denoted by d^Q , d].'^ , d]!^ ■, d^'^ ,■■■, d^.'/^^ _^\ , with / = 0,1, and 2 , and where D^ is the number of 
bits on the /-th coded stream for code block number r, i.e. D^ = K^+4 . 

5.3.2.4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by (i*Q ,t/*j ,t/*2 ,t/*3 ,...,(i*f^ a, 

with i = 0,1, and 2 , and where r is the code block number, / is the coded stream index, and Z)^ is the number of bits in 

each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is 
individually rate matched according to section 5.1.4.1. 

After rate matching, the bits are denoted by erO'^ri'^r2'^r3'---'^r(£ -i)' where r is the coded block number, and where 
E^ is the number of rate matched bits for code block number r. 

5.3.2.5 Code block concatenation 

The bits input to the code block concatenation block are denoted by e^Q,e^i,e^2'^r3'---'^r{E -i) for *" = O'---' C" -1 and 
where E^. is the number of rate matched bits for the r-th code block. 

Code block concatenation is performed according to section 5.1.5. 

The bits after code block concatenation are denoted by /g, /[, /2, fj,,---, fc-i ^ where G is the total number of coded bits 
for transmission. This sequence of coded bits corresponding to one transport block after code block concatenation is 
referred to as one codeword in section 6.3. 1 of [2]. In case of multiple transport blocks per TTI, the transport block to 
codeword mapping is specified according to section 5.3.3.1.5, 5.3.3. 1.5A or 5.3.3.1.5B, depending on the DCI Format. 



5.3.3 Downlink control information 

A DCI transports downlink or uplink scheduling information, requests for aperiodic CQI reports, notifications of 
MCCH change [6] or uplink power control commands for one cell and one RNTI. The RNTI is implicitly encoded in 
the CRC. 

Figure 5.3.3-1 shows the processing structure for one DCI. The following coding steps can be identified: 

- Information element multiplexing 

- CRC attachment 

- Channel coding 

- Rate matching 

The coding steps for DCI are shown in the figure below. 
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Figure 5.3.3-1 : Processing for one DCI. 

5.3.3.1 DCI formats 

The fields defined in the DCI formats below are mapped to the information bits qq to a^-i as follows. 

Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with 
the first field mapped to the lowest order information bit aq and each successive field mapped to higher order 
information bits. The most significant bit of each field is mapped to the lowest order information bit for that field, e.g. 
the most significant bit of the first field is mapped to Oq. 

5.3.3.1.1 Format 

DCI format is used for the scheduling of PUSCH in one UL cell. 
The following information is transmitted by means of the DCI format 0: 

- Carrier indicator - or 3 bits. This field is present according to the definitions in [3]. 

- Flag for formatO/formatlA differentiation - 1 bit, where value indicates format and value 1 indicates format 1 A 

- Frequency hopping flag - 1 bit as defined in section 8.4 of [3]. This field is used as the MSB of the corresponding 

resource allocation field for resource allocation type 1 . 



Resource block assignment and hopping resource allocation - | log 2 (A^rb (^rb 



flog2(<B^(<B^+l)/2)] bits 

For PUSCH hopping (resource allocation type only): 

- NuLjiop MSB bits are used to obtain the value of Wp^g (/) as indicated in section 8.4 of [3] 

|log2(A^RB (A^RB +l)/2) I - A^uL hop t»its provide the resource allocation of the first slot in the UL 
subframe 
For non-hopping PUSCH with resource allocation type 0: 

- |log2(A^RB (A^RB +l)/2) I bits provide the resource allocation in the UL subframe as defined in section 
8.1.1 of [3] 

For non-hopping PUSCH with resource allocation type 1 : 
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- The concatenation of the frequency hopping flag field and the resource block assignment and hopping 
resource allocation field provides the resource allocation field in the UL subframe as defined in section 8.1.2 
of [3] 

- Modulation and coding scheme and redundancy version - 5 bits as defined in section 8.6 of [3] 

- New data indicator - 1 bit 

- TPC command for scheduled PUSCH - 2 bits as defined in section 5.1.1.1 of [3] 

- Cyclic shift for DM RS and OCC index - 3 bits as defined in section 5.5.2.1.1 of [2] 

- UL index - 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation 

with uplink-downlink configuration 0) 

- Downlink Assignment Index (DAI) - 2 bits as defined in section 7.3 of [3] (this field is present only for TDD 

operation with uplink-downlink configurations 1 -6) 

- CSI request - 1 or 2 bits as defined in section 7.2. 1 of [3]. The 2-bit field applies to 

UEs that are configured with more than one DL cell and when the corresponding DCl format is mapped onto 
the UE specific search space given by the C-RNTl as defined in [3], 

UEs that are not configured with more than one DL cell and are configured by higher layers to report more 
than one aperiodic CSI and when the corresponding DCI format is mapped onto the UE specific search space 
given by the C-RNTl as defined in [3]; 

otherwise the 1-bit field applies 

- SRS request - or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto 

the UE specific search space given by the C-RNTl as defined in [3]. The interpretation of this field is provided in 
section 8.2 of [3] 

- Resource allocation type - 1 bit. This field is only present if Ng^g < Ng^g . The interpretation of this field is 

provided in section 8.1 of [3] 

If the number of information bits in format mapped onto a given search space is less than the payload size of format 
lA for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended 
to format 1 A), zeros shall be appended to format until the payload size equals that of format 1 A. 

5.3.3.1.2 Format 1 

DCI format 1 is used for the scheduling of one PDSCH codeword in one cell. 
The following information is transmitted by means of the DCI format 1 : 

- Carrier indicator - or 3 bits. This field is present according to the definitions in [3]. 

- Resource allocation header (resource allocation type / type 1) - 1 bit as defined in section 7.1.6 of [3] 

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource 
allocation type is assumed. 

- Resource block assignment: 

- For resource allocation type as defined in section 7.1.6.1 of [3]: 



\. 



N^Q I P I bits provide the resource allocation 
For resource allocation type 1 as defined in section 7.1.6.2 of [3]: 

- [log2(^)] bits of this field are used as a header specific to this resource allocation type to indicate the 
selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span 
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- (|A^rb /^ rl ^'^SivJ l~lj bits provide the resource allocation 



where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3] 

- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of [3] 

- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of 
information bits in format 1 is equal to that for format 0/1 A, one bit of value zero shall be appended to format 1 . 

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of 
information bits in format 1 is equal to that for format 0/1 A for scheduling the same serving cell and mapped onto the 
UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be appended to format 1. 

If the number of information bits in format 1 belongs to one of the sizes in Table 5.3.3.1.2-1, one or more zero bit(s) 
shall be appended to format 1 until the payload size of format 1 does not belong to one of the sizes in Table 5.3.3.1.2-1 
and is not equal to that of format 0/1 A mapped onto the same search space. 

Table 5.3.3.1.2-1 : Ambiguous Sizes of Information Bits. 



{12, 14, 16 .20, 24, 26, 32, 40, 44, 56} 



5.3.3.1.3 Format 1 A 

DCI format 1 A is used for the compact scheduling of one PDSCH codeword in one cell and random access procedure 
initiated by a PDCCH order. The DCI corresponding to a PDCCH order can be carried by PDCCH or EPDCCH. 

The following information is transmitted by means of the DCI format 1 A: 

- Carrier indicator - or 3 bits. This field is present according to the definitions in [3]. 

- Flag for formatO/formatl A differentiation - 1 bit, where value indicates format and value 1 indicates format 1 A 

Format 1 A is used for random access procedure initiated by a PDCCH order only if format 1 A CRC is scrambled 
with C-RNTI and all the remaining fields are set as follows: 

- Localized/Distributed VRB assignment flag - 1 bit is set to '0' 

- Resource block assignment - |log2(A^RB (-^rb +1)/2) | bits, where all bits shall be set to 1 

- Preamble Index - 6 bits 

- PRACH Mask Index - 4 bits, [5] 

- All the remaining bits in format 1 A for compact scheduling assignment of one PDSCH codeword are set to 
zero 

Otherwise, 

- Localized/Distributed VRB assignment flag - 1 bit as defined in 7.1.6.3 of [3] 

- Resource block assignment - |log2(A'RB (-^rb +1)^2) | bits as defined in section 7.1.6.3 of [3]: 



£75/ 



3GPP TS 36.21 2 version 1 1 .0.0 Release 1 1 60 ETSI TS 1 36 21 2 V1 1 .0.0 (201 2-1 0) 

- For localized VRB: 

I logjCA^RB (^RB + 1)/2) I bits provide the resource allocation 

- For distributed VRB: 

- If A^°B < 50 or if the format 1 A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI 

- jlog^CA'^RB (A'^RB +l)/2) I bits provide the resource allocation 

- Else 

- 1 bit, the MSB indicates the gap value, where value indicates A^gap = ^gap i ^nd value 1 indicates 

gap gap,2 

- ( log2(A'^RB (■'Vrb +1)/2) —1) bits provide the resource allocation, 
where A'^,,^ is defined in [2] . 

gap L J 

- Modulation and coding scheme - 5bits as defined in section 7.1.7 of [3] 

- HARQ process number - 3 bits (FDD) , 4 bits (TDD) 

- New data indicator - 1 bit 

- If the format lA CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI: 

- If A^RB — 50 and Localized/Distributed VRB assignment flag is set to 1 

- the new data indicator bit indicates the gap value, where value indicates A' gap = A'gap i ^nd value 

1 indicates A^g^p = A^gap_2 ■ 

- Else the new data indicator bit is reserved. 

- Else 

- The new data indicator bit as defined in [5] 

- Redundancy version - 2 bits 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- If the format lA CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI: 

- The most significant bit of the TPC command is reserved. 

- The least significant bit of the TPC command indicates column A^p^g of the TBS table defined of [3]. 

- If least significant bit is then A^p^g = 2 else A^p^g = 3. 

- Else 

- The two bits including the most significant bit indicates the TPC command 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

- SRS request - or 1 bit. This field can only be present in DCI formats scheduling PDSCH which are mapped onto 

the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of this field is provided in 
section 8.2 of [3] 
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If the UE is not configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI, and the number of 
information bits in format 1 A is less than that of format 0, zeros shall be appended to format 1 A until the payload size 
equals that of format 0. 

If the UE is configured to decode PDCCH or EPDCCH with CRC scrambled by the C-RNTI and the number of 
information bits in format 1 A mapped onto a given search space is less than that of format for scheduling the same 
serving cell and mapped onto the same search space, zeros shall be appended to format 1 A until the payload size equals 
that of format 0. 

If the number of information bits in format 1 A belongs to one of the sizes in Table 5 .3 .3 . 1 .2- 1 , one zero bit shall be 
appended to format lA. 

When the format lA CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields among the 
fields above are reserved: 

- HARQ process number 

- Downlink Assignment Index (used for TDD only and is not present in FDD) 



5.3.3.1. 3A Format 1B 

DCI format IB is used for the compact scheduling of one PDSCH codeword in one cell with preceding information. 
The following information is transmitted by means of the DCI format IB: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 

- Localized/Distributed VRB assignment flag - 1 bit as defined in section 7.1.6.3 of [3] 

- Resource block assignment - |log2(A^RB (-^rb +1)/2) | bits as defined in section 7.1.6.3 of [3] 

- For localized VRB: 

I logjCA^RB (-^RB + 1)/2) I bits provide the resource allocation 

- For distributed VRB: 

- For N°^ < 50 

- jlogjCA'^RB (A'^RB +l)/2) I bits provide the resource allocation 

- For N°^ > 50 

- 1 bit, the MSB indicates the gap value, where value indicates N „..„ = N „..„, and value 1 indicates 

' o J- ' gap gtiPjA 

N = N ^ 

-"gap gap,2 

- (jlogjCA^RB (A^RB +l)/2) I —1) bits provide the resource allocation 

- Modulation and coding scheme - 5bits as defined in section 7.1.7 of [3] 

- HARQ process number - 3 bits (FDD) , 4 bits (TDD) 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 
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- TPMI information for precoding - number of bits as specified in Table 5.3.3. 1.3A-1 

TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2] 
corresponding to the single-layer transmission. 

- PMI confirmation for precoding - 1 bit as specified in Table 5.3.3.1.3A-2 

If PMI confirmation indicates that the eNodeB has applied precoding according to PMI(s) reported by the UE, the 
precoding for the corresponding RB(s) in subframe n is according to the latest PMI(s) in an aperiodic CSI reported on 
or before subframe n-4. 

Table 5.3.3.1. 3A-1 : Number of bits for TPMI information. 



Number of antenna ports 
at eNodeB 


Number 
of bits 


2 


2 


4 


4 



Table 5.3.3. 1.3A-2: Content of PMI confirmation. 



Bit field mapped 
to index 


Message 





Precoding according to the indicated TPMI in 
the TPIVII information field 


1 


Precoding using the precoder(s) according to 
PMI(s) indicated in the latest aperiodic CSI 
report. 
For aperiodic CSI mode 2-2: 

- Precoding of scheduled resource blocks 
belonging to the reported preferred M 
subband{s), use precoder(s) according to the 
preferred M subband PMI(s) indicated in the 
latest aperiodic CSI report; 

- Precoding of scheduled resource blocks not 

belonging to the reported preferred IVI 

subband{s), precoding using a precoder 

according to the wideband PMI indicated in the 

latest aperiodic CSI report. 



If the number of information bits in format IB is equal to that for format 0/1 A for scheduling the same serving cell and 
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be 
appended to format IB. 

If the number of information bits in format IB belongs to one of the sizes in Table 5.3.3.1.2-1, one or more zero bit(s) 
shall be appended to format IB until the payload size of format IB does not belong to one of the sizes in Table 
5.3.3.1.2-1 and is not equal to that of format 0/lA mapped onto the same search space. 

5.3.3.1.4 Format 1C 

DCI format IC is used for very compact scheduling of one PDSCH codeword and notifying MCCH change [6]. 
The following information is transmitted by means of the DCI format IC: 

If the format IC is used for very compact scheduling of one PDSCH codeword 

- 1 bit indicates the gap value, where value indicates A^„,_ = N „..„, and value 1 indicates A^„„„ = A^„.,_ , 

o J- ' gap gtiPjA gtiP g'lP:^ 

- For A' ^3 < 50 , there is no bit for gap indication 

- Resource block assignment - | logj (L^vRB.gapi / ^rb'' J' (L^VRB.gapi / ^r7 J+ 1) / ^j | bits as defined in 

7.1.6.3 of [3] where A^vrb gapi i^ defined in [2] and A^^g'' is defined in [3] 
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- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of [3] 
Else 

- Information for MCCH change notification - 8 bits as defined in section 5.8.1.3 of [6] 

- Reserved information bits are added until the size is equal to that of format IC used for very compact 

scheduling of one PDSCH codeword 

5.3.3.1. 4A Format 1D 

DCI format ID is used for the compact scheduling of one PDSCH codeword in one cell with precoding and power 
offset information. 

The following information is transmitted by means of the DCI format ID: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 

- Localized/Distributed VRB assignment flag - 1 bit as defined in section 7.1.6.3 of [3] 

- Resource block assignment - |log2(A^RB (-^rb +1)^2) | bits as defined in section 7.1.6.3 of [3]: 

- For localized VRB: 

llogjCA'^RB (A^RB +l)/2) I bits provide the resource allocation 

- For distributed VRB: 

- For N^^ < 50 

- \log2(N^^(N^^ +l)/2) bits provide the resource allocation 

- For N°^ > 50 

- 1 bit, the MSB indicates the gap value, where value indicates A^„„n = N „..„, and value 1 indicates 

' o J- ' gap gtiPjA 

A^ = N ^ 

gap gap,2 

- ( log2(A^RB (-^RB +l)/2) —1) bits provide the resource allocation 

- Modulation and coding scheme - 5bits as defined in section 7.1.7 of [3] 

- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

- TPMI information for precoding - number of bits as specified in Table 5.3.3.1.4A-1 

TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2] 
corresponding to the single-layer transmission. 

- Downlink power offset - 1 bit as defined in section 7.1.5 of [3] 
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Table 5.3.3. 1.4A-1 : Number of bits for TPMI information. 



Number of antenna ports 
at eNodeB 


Number 
of bits 


2 


2 


4 


4 



If the number of information bits in format ID is equal to that for format 0/1 A for scheduling the same serving cell and 
mapped onto the UE specific search space given by the C-RNTI as defined in [3], one bit of value zero shall be 
appended to format ID. 

If the number of information bits in format ID belongs to one of the sizes in Table 5.3.3.1.2-1, one or more zero bit(s) 
shall be appended to format ID until the payload size of format ID does not belong to one of the sizes in Table 
5.3.3.1.2-1 and is not equal to that of format 0/lA mapped onto the same search space. 

5.3.3.1.5 Format 2 

The following information is transmitted by means of the DCI format 2: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 

- Resource allocation header (resource allocation type / type 1) - 1 bit as defined in section 7.1.6 of [3] 

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource 
allocation type is assumed. 

- Resource block assignment: 

- For resource allocation type defined in section 7.1.6.1 of [3]: 

- JA^RB I P\ t'its provide the resource allocation 

- For resource allocation type 1 as defined in section 7.1.6.2 of [3]: 

- [log2(P)] bits of this field are used as a header specific to this resource allocation type to indicate the 
selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span 

- (|a^^b /P |-[log2(-P)]-lj bits provide the resource allocation 

where the value of P depends on the number of DL resource blocks as indicated in section 7. 1 .6. 1 of [3] 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- Transport block to codeword swap flag - 1 bit 
In addition, for transport block 1 : 

- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 
In addition, for transport block 2: 

- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of [3] 
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- New data indicator - 1 bit 

- Redundancy version - 2 bits 

Preceding information - number of bits as specified in Table 5.3.3.1.5-3 

If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table 
5.3.3.1.5-1. 

In case one of the transport blocks is disabled as specified in section 7. 1 .7.2 of [3], the transport block to codeword 
swap flag is reserved and the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. 



Table 5.3.3.1.5-1 : Transport block to codeword mapping 
(two transport blocks enabled). 



transport block 

to codeword 
swap flag value 


codeword 
(enabled) 


codeword 1 
(enabled) 





transport block 1 


transport block 2 


1 


transport block 2 


transport block 1 



Table 5.3.3.1.5-2: Transport block to codeword mapping 
(one transport block enabled). 



transport 
block 1 


transport 
block 2 


codeword 

(enabled) 


codew 
ordi 
(disabled) 


enabled 


disabled 


transport 
block 1 


- 


disabled 


enabled 


transport 
block 2 


- 



The interpretation of the preceding information field depends on the number of enabled codewords according to Table 
5.3.3.1.5-4 and Table 5.3.3.1.5-5. Note that TPMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 
6.3.4.2.3-2 of [2]. For a single enabled codeword, indices 18 to 34 inclusive in Table 5.3.3.1.5-5 are only supported for 
retransmission of the corresponding transport block if that transport block has previously been transmitted using two 
layers with closed-loop spatial multiplexing. 

If the number of information bits in format 2 belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be 
appended to format 2. 

Some entries in Table 5.3.3.1.5-4 and Table 5.3.3.1.5-5 are used for indicating that the eNodeB has applied preceding 
according to PMI(s) reported by the UE. In these cases the preceding for the corresponding RB(s) in subframe n is 
according to the latest PMI(s) in an aperiodic CSI reported on or before subframe «-4. For aperiodic CSI mode 2-2: 
Preceding of scheduled resource blocks belonging to the reported preferred M subband(s) use precoder(s) according to 
the preferred M subband PMI indicated by the latest aperiodic CSI report; Preceding of scheduled resource blocks not 
belonging to the reported preferred M subband(s) use a precoder according to the wideband PMI indicated by the latest 
aperiodic CSI report. 



Table 5.3.3.1.5-3: Number of bits for precoding information. 



Number of antenna ports at eNodeB 


Number of bits for precoding information 


2 


3 


4 


6 
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Table 5.3.3.1.5-4: Content of precoding Information field for 2 antenna ports. 



One codeword: 
Codeword enabled, 
Codeword 1 disabled 


Two codewords: 
Codeword enabled, 
Codeword 1 enabled 


Bit field 

mapped to 

index 


Message 


Bit field 
mapped 
to index 


Message 





2 layers: Transmit 
diversity 





2 layers: Precoding 
corresponding to 
precoder matrix 

l[l 1] 








2 


1 -1_ 




1 


1 layer: Precoding 
corresponding to 
precoding vector 

[l lf/V2 


1 


2 layers: Precoding 
corresponding to 
precoder matrix 

ifl 1 ] 








2 


J -J. 




2 


1 layer: Precoding 
corresponding to 
precoder vector 

[l -lf/V2 


2 


2 layers: Precoding 

according to the latest 

PMI report on 

PUSCH, using the 

precoder{s) indicated 

by the reported 

PMI(s) 


3 


1 layer: Precoding 
corresponding to 
precoder vector 

[1 jYi4i 


3 


reserved 


4 


1 layer: Precoding 
corresponding to 
precoder vector 

[1 -jXi4i 


4 


reserved 


5 


1 layer: 
Precoding according to 
the latest PIVII report on 

PUSCH, using the 

precoder{s) indicated by 

the reported PMI(s), 

if Rl=2 was reported, 

using 1^' column 

multiplied by v2 of all 

precoders implied by the 

reported Pl\/ll(s) 


5 


reserved 


6 


1 layer: 
Precoding according to 
the latest PMI report on 

PUSCH, using the 

precoder{s) indicated by 

the reported PU\(s), 

if Rl=2 was reported, 

using 2"*^ column 

multiplied by v2 of all 

precoders implied by the 

reported Pl\/ll(s) 


6 


reserved 


7 


reserved 


7 


reserved 
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Table 5.3.3.1.5-5: Content of precoding information field for 4 antenna ports. 



One codeword: 
Codeword enabled, 
Codeword 1 disabled 


Two codewords: 
Codeword enabled, 
Codeword 1 enabled 


Bit field 

mapped to 

index 


IVIessage 


Bit field 
mapped 
to index 


IVIessage 





4 layers: Transmit 
diversity 





2 layers: TPIVIkO 


1 


1 layer: TPMI=0 


1 


2 layers: TPMI=1 


2 


1 layer: TPMI=1 


• 
• 
• 


• 
• 
• 


• 
• 
• 


• 
• 
• 


15 


2layers:TPMI=15 


16 


1 layer:TPI\/ll=15 


16 


2 layers: Precoding 

according to the latest 

PMI report on PUSCH 

using the precoder{s) 

indicated by the reported 

PMI(s) 


17 


1 layer: Precoding 

according to the latest 

PMI report on PUSCH 

using the precoder(s) 

indicated by the reported 

PMI(s) 


17 


3 layers: TPMI=0 


18 


2 layers: TPMI=0 


18 


3 layers: TPMI=1 


19 


2 layers: TPMI=1 


• 
• 
• 


• 
• 
• 


• 
• 
• 


• 
• 
• 


32 


3layers:TPMI=15 


33 


2layers:TPMI=15 


33 


3 layers: Precoding 

according to the latest 

PMI report on PUSCH 

using the precoder{s) 

indicated by the reported 

PMI(s) 


34 


2 layers: Precoding 

according to the latest 

PMI report on PUSCH 

using the precoder(s) 

indicated by the reported 

PMI(s) 


34 


4 layers: TPMI=0 


35-63 


reserved 


35 


4 layers: TPMI=1 






• 
• 
• 


• 
• 
• 






49 


4layers:TPMI=15 






50 


4 layers: Precoding 

according to the latest 

PMI report on PUSCH 

using the precoder{s) 

indicated by the reported 

PMI(s) 






51 -63 


Reserved 



5.3.3.1. 5A Format 2A 

The following information is transmitted by means of the DCI format 2 A: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 
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- Resource allocation header (resource allocation type / type 1) - 1 bit as defined in section 7.1.6 of [3] 

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource 
allocation type is assumed. 

- Resource block assignment: 

- For resource allocation type as defined in section 7.1.6.1 of [3] 

- I A^ffB / P I bits provide the resource allocation 

- For resource allocation type 1 as defined in section 7.1.6.2 of [3] 

- [log2(P)] bits of this field are used as a header specific to this resource allocation type to indicate the 
selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span 

- (|A^°g /f |— [log 2(f) |-lj bits provide the resource allocation 

where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6.1 of [3] 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- Transport block to codeword swap flag - 1 bit 
In addition, for transport block 1 : 

- Modulation and coding scheme - 5 bits as defined in section 7. 1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 
In addition, for transport block 2: 

- Modulation and coding scheme - 5 bits as defined in section 7. 1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

Precoding information - number of bits as specified in Table 5.3.3. 1.5A-1 



If both transport blocks are enabled, the transport block to codeword mapping is specified according to Table 
5.3.3.1.5-1. 

In case one of the transport blocks is disabled, the transport block to codeword swap flag is reserved and the transport 
block to codeword mapping is specified according to Table 5.3.3.1.5-2. 

The precoding information field is defined according to Table 5.3.3.1.5A-2. For a single enabled codeword, index 1 in 
Table 5.3.3. 1 .5A-2 is only supported for retransmission of the corresponding transport block if that transport block has 
previously been transmitted using two layers with large delay CDD. 

For transmission with 2 antenna ports, the precoding information field is not present. The number of transmission layers 
is equal to 2 if both codewords are enabled; transmit diversity is used if codeword is enabled while codeword 1 is 
disabled. 
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If the number of information bits in format 2A belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be 
appended to format 2A. 

Table 5.3.3. 1.5A-1 : Number of bits for precoding information. 



Number of antenna ports at eNodeB 


Number of bits for precoding information 


2 





4 


2 



Table 5.3.3. 1.5A-2: Content of precoding information field for 4 antenna ports. 



One codeword: 
Codeword enabled, 
Codeword 1 disabled 


Two codewords: 
Codeword enabled, 
Codeword 1 enabled 


Bit field 

mapped to 

index 


Message 


Bit field 
mapped 
to index 


IVIessage 





4 layers: Transmit 
diversity 





2 layers: precoder 

cycling with large delay 

CDD 


1 


2 layers: precoder 

cycling with large delay 

ODD 


1 


3 layers: precoder 

cycling with large delay 

CDD 


2 


reserved 


2 


4 layers: precoder 

cycling with large delay 

CDD 


3 


reserved 


3 


reserved 



5.3.3.1. 5B Format 2B 

The following information is transmitted by means of the DCI format 2B: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 

- Resource allocation header (resource allocation type / type 1) - 1 bit as defined in section 7.1.6 of [3] 

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource 
allocation type is assumed. 

- Resource block assignment: 

- For resource allocation type as defined in section 7.1.6.1 of [3] 

- I A^RB ^ f I bi'^s provide the resource allocation 

- For resource allocation type 1 as defined in section 7.1.6.2 of [3] 

- [log 2 {P)\ bits of this field are used as a header specific to this resource allocation type to indicate the 
selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span 

- (|A^rb /^ rl log 21^) l~lj bits provide the resource allocation 

where the value of P depends on the number of DL resource blocks as indicated in section [7. 1 .6. 1 ] of [3] 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 
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- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- Scrambling identity- 1 bit as defined in section 6.10.3.1 of [2] 

- SRS request - [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3] 
In addition, for transport block 1 : 

- Modulation and coding scheme - 5 bits as defined in section 7.1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 
In addition, for transport block 2: 

- Modulation and coding scheme - 5 bits as defined in section 7. 1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

If both transport blocks are enabled, the number of layers equals two; transport block 1 is mapped to codeword 0; and 
transport block 2 is mapped to codeword 1. Antenna ports 7 and 8 are used for spatial multiplexing. 

In case one of the transport blocks is disabled, the number of layers equals one; the transport block to codeword 
mapping is specified according to Table 5.3.3.1.5-2; and the antenna port for single-antenna port transmission is 
according to Table 5.3.3.1.5B-1. 

Table 5.3.3. 1.5B-1 : Antenna port for single-antenna port transmission (one transport block disabled). 



New data indicator of the disabled transport block 


Antenna port 





7 


1 


8 



If the number of information bits in format 2B belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be 
appended to format 2B. 

5.3.3.1. 5C Format 2C 

The following information is transmitted by means of the DCI format 2C: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 

- Resource allocation header (resource allocation type / type 1) - 1 bit as defined in section 7.1.6 of [3] 

If downlink bandwidth is less than or equal to 10 PRBs, there is no resource allocation header and resource 
allocation type is assumed. 

- Resource block assignment: 

- For resource allocation type as defined in section 7.1.6.1 of [3] 

- I A^RB ^ ^ I bi'^s provide the resource allocation 

- For resource allocation type 1 as defined in section 7.1.6.2 of [3] 

- I log 2 [P) I bits of this field are used as a header specific to this resource allocation type to indicate the 
selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span 

- (|A^rb /^ rl log 21^) l~lj bits provide the resource allocation 
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where the value of P depends on the number of DL resource blocks as indicated in section [7. 1 .6. 1 ] of [3] 

- TPC command for PUCCH - 2 bits as defined in section 5.1.2.1 of [3] 

- Downlink Assignment Index (this field is present in TDD for all the uplink -downlink configurations and only 

applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FDD) - 2 bits 

- HARQ process number - 3 bits (FDD), 4 bits (TDD) 

- Antenna port(s), scrambling identity and number of layers - 3 bits as specified in Table 5.3.3.1.5C-1 where Uscid is 

the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] 

- SRS request - [0-1] bit. This field can only be present for TDD and if present is defined in section 8.2 of [3] 
In addition, for transport block 1 : 

- Modulation and coding scheme - 5 bits as defined in section 7. 1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 
In addition, for transport block 2: 

- Modulation and coding scheme - 5 bits as defined in section 7. 1.7 of [3] 

- New data indicator - 1 bit 

- Redundancy version - 2 bits 

If both transport blocks are enabled; transport block 1 is mapped to codeword 0; and transport block 2 is mapped to 
codeword 1. 

In case one of the transport blocks is disabled; the transport block to codeword mapping is specified according to Table 
5.3.3.1.5-2. For the single enabled codeword. Value = 4, 5, 6 in Table 5.3.3.1.5C-1 are only supported for 
retransmission of the corresponding transport block if that transport block has previously been transmitted using two, 
three or four layers, respectively. 

If the number of information bits in format 2C belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be 
appended to format 2C. 



Table 5.3.3. 1.5C-1 : Antenna port(s), scrambling identity and number of layers indication 



One Codeword: 
Codeword enabled, 
Codeword 1 disabled 


Two Codewords: 
Codeword enabled, 
Codeword 1 enabled 


Value 


Message 


Value 


Message 





1 layer, port 7, nsciD=0 





2 layers, ports 7-8, nsciD=0 


1 


1 layer, port 7, nscio^^ 


1 


2 layers, ports 7-8, nsc/D=1 


2 


1 layer, port 8, nsciD=0 


2 


3 layers, ports 7-9 


3 


1 layer, port 8, nscio^^ 


3 


4 layers, ports 7-10 


4 


2 layers, ports 7-8 


4 


5 layers, ports 7-1 1 


5 


3 layers, ports 7-9 


5 


6 layers, ports 7-12 


6 


4 layers, ports 7-10 


6 


7 layers, ports 7-13 


7 


Reserved 


7 


8 layers, ports 7-14 



5.3.3.1.6 Format 3 

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 
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The following information is transmitted by means of the DCI format 3: 

- TPC command number 1 , TPC command number 2, . . . , TPC command number A^ 

^format 



where A^ : 



and where iformat i^ equal to the payload size of format before CRC attachment when 



format is mapped onto the common search space, including any padding bits appended to format 0. The 
parameter tpc-Index provided by higher layers determines the index to the TPC command for a given UE. 



If 



■^format 



< 



"^format 



, a bit of value zero shall be appended to format 3. 



5.3.3.1.7 



Format 3A 



DCI format 3 A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power 
adjustments. 

The following information is transmitted by means of the DCI format 3 A: 

- TPC command number 1 , TPC command number 2, . . . , TPC command number M 

where M = Lformat ' ^^^ where Lformat is equal to the payload size of format before CRC attachment when format 
is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-Index 
provided by higher layers determines the index to the TPC command for a given UE. 

5.3.3.1.8 Format 4 

DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode. 
The following information is transmitted by means of the DCI format 4: 

- Carrier indicator - or 3 bits. The field is present according to the definitions in [3]. 



Resource block assignment - max 



|log,(A^,"3^«3^+l)/2)|, 



V 
UL RBG size as defined in section 8.1.2 of [3] 



log: 



^fc/P + 1^^ 



W 



JJ 



bits, where P is the 



For resource allocation type 0: 

- The I log 2 (A^RB (^RB + 1) / 2) I | LSBs provide the resource allocation in the UL subframe as defined in 
section 8.1.1 of [3] 
For resource allocation type 1 : 



-The 



log, 



(f\NfjP + l\ 



section 8.1.2 of [3] 



JJ 



LSBs provide the resource allocation in the UL subframe as defined in 



TPC command for scheduled PUSCH - 2 bits as defined in section 5.1.1.1 of [3] 

Cyclic shift for DM RS and OCC index - 3 bits as defined in section 5.5.2. 1. 1 of [2] 

UL index - 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation 
with uplink-downlink configuration 0) 
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- Downlink Assignment Index (DAI) - 2 bits as defined in section 7.3 of [3] (this field is present only for TDD 

operation with uplink-downlink configurations 1 -6) 

- CSI request - 1 or 2 bits as defined in section 7.2. 1 of [3]. The 2-bit field applies to 

UEs that are configured with more than one DL cell, 

UEs that are not configured with more than one DL cell and are configured by higher layers to report more 
than one aperiodic CSI; 

otherwise the 1-bit field applies 

- SRS request - 2 bits as defined in section 8.2 of [3] 

- Resource allocation type - 1 bit as defined in section 8.1 of [3] 
In addition, for transport block 1 : 

- Modulation and coding scheme and redundancy version - 5 bits as defined in section 8.6 of [3] 

- New data indicator - 1 bit 
In addition, for transport block 2: 

- Modulation and coding scheme and redundancy version - 5 bits as defined in section 8.6 of [3] 

- New data indicator - 1 bit 

Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in 
Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be 
used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 
5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, 
transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1 . In case one of the transport 
blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single 
enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding 
transport block if that transport block has previously been transmitted using two layers. 

Table 5.3.3.1.8-1 : Number of bits for precoding information. 



Number of antenna ports at UE 


Number of bits for precoding information 


2 


3 


4 


6 



Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports 



One codeword: 
Codeword enabled 
Codeword 1 disabled 


Two codewords: 
Codeword enabled 
Codeword 1 enabled 


Bit field mapped to index 


Message 


Bit field mapped to index 


Message 





1 layer: TPMI=0 





2 layers: TPMI=0 


1 


1 layer: TPMI=1 


1-7 


reserved 


2 


1 layer: TPMI=2 














5 


1 layer: TPMI=5 






6-7 


reserved 
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Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports 



One codeword: 
Codeword enabled 
Codeword 1 disabled 


Two codewords: 
Codeword enabled 
Codeword 1 enabled 


Bit field mapped to index 


Message 


Bit field mapped to index 


Message 





1 layer: TPMI=0 





2 layers: TPMkO 


1 


1 layer: TPMI=1 


1 


2 layers: TPMI=1 










23 


1 layer: TPMI=23 


15 


2layers:TPMI=15 


24 


2 layers: TPMI=0 


16 


3 layers: TPMI=0 


25 


2 layers: TPMI=1 


17 


3 layers: TPMI=1 










39 


2layers:TPMI=15 


27 


3 layers: TPMI=11 


40-63 


reserved 


28 


4 layers: TPMI=0 






29-63 


Reserved 



If the number of information bits in format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B or 2C associated 
with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4. 

5.3.3.2 CRC attachment 

Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 

The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by Og , Oj , Oj , 03 ,..., flyi_i , and 
the parity bits hy Pq, pi, p2, p^,---, Pi^i -A is the payload size andL is the number of parity bits. 

The parity bits are computed and attached according to section 5.1.1 setting L to 16 bits, resulting in the 
sequence bQ,b^,b2,b2,...,bg_i, where B =A+ L. 

In the case where UE transmit antenna selection is not configured or applicable, after attachment, the CRC parity bits 
are scrambled with the corresponding RNTI x^„„ q,x^^„ [,...,x^^„ [5 , where X^^^ q corresponds to the MSB of the RNTI, 

to form the sequence of bits Cg , Cj , C2 , C3 ,..., Cg_i . The relation between q and bk is: 



Ck =bk 



forfe = 0, 1,2, 



,A-1 



(^k = l^/t + ^mri./t-A )™od 2 for fe = A, Ah-1, Ah-2,..., Ah-15. 
In the case where UE transmit antenna selection is configured and applicable, after attachment, the CRC parity bits with 



DCI format are scrambled with the antenna selection mask x. 



as indicated in Table 5.3.3.2-1 and the 



corresponding RNTI JCmriO'-^^m/n'-'-'-^^ra/ns '^o form the sequence of bitsco,Ci,C2,C3,...,Cg_i. The relation between q 
and bic is: 

Ck=b^ for/t = 0, 1,2, ...,A-1 

Ck = [bk + Xr„,i,k-A+ XAS,k-A)T^od2 for ^ = A, Ah-1, Ah-2,..., Ah-15. 

Table 5.3.3.2-1 : UE transmit antenna selection mask. 



UE transmit antenna selection 


Antenna selection mask 

< X_^^ „,X^j l,...,X^^ j5 > 


UE port 


<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0> 


UE port 1 


<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1> 
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5.3.3.3 



Channel coding 



Information bits are delivered to the channel coding block. They are denoted by Cq,C[,C2,C3,. 
number of bits, and they are tail biting convolutionally encoded according to section 5.1.3.1. 



where K is the 



After encoding the bits are denoted by d^ , d^ , Jj ' d^ ,■■■, d^\ , with ; = 0,1, and 2 , and where D is the number of 
bits on the i-th coded stream, i.e., D = K . 



5.3.3.4 



Rate matching 



A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by 
dg , (ij , (ij ^ d^ ,■■; djj_i , with / = 0,1, and 2 , and where ; is the coded stream index and D is the number of bits in 
each coded stream. This coded block is rate matched according to section 5.1.4.2. 

After rate matching, the bits are denoted by eo'^i'^2'^3'---'^£-i ' where E is the number of rate matched bits. 

5.3.4 Control format indicator 

Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units of OFDM symbols, 
of the DCI in that subframe of the corresponding DL cell. The CFI takes values CFI = 1, 2 or 3. For system bandwidths 

^RB > 10 , the span of the DCI in units of OFDM symbols, 1, 2 or 3, is given by the CFI. For system bandwidths 
A^RB < 1 , the span of the DCI in units of OFDM symbols, 2, 3 or 4, is given by CFI+ 1 . 

The coding flow is shown in Figure 5.3.4-1. 



CFI 



Channel coding 



bo,bi,...,b^i 



Figure 5.3.4-1 Coding for CFI. 

5.3.4.1 Channel coding 

The control format indicator is coded according to Table 5.3.4-1. 

Table 5.3.4-1 : CFI code words. 



CFI 


CFI code word 
< bo, bi, ..., bsi > 


1 


<0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1> 


2 


<1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0> 


3 


<1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1,0,1, 1> 


4 
(Reserved) 


<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0> 
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5.3.5 HARQ indicator (HI) 



Data arrives to the coding unit in the form of indicators for HARQ acknowledgement for one transport block. 
The coding flow is shown in Figure 5.3.5-1. 



HI 



Channel coding 



KhA 



Figure 5.3.5-1 Coding for HI. 



5.3.5.1 Channel coding 



The HI is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a negative 
acknowledgement HI = 0. 

Table 5.3.5-1 : HI code words. 



HI 



HI code word 
< bo, bi, b2 > 

< 0,0,0 > 

< 1,1,1 > 
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